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PREFACE 




Tmb book is not an addition to (he eve^grovrinj rmmber 
of manuaJs on Mineralogy which deal with (he systematic 
description and methods of identtfication of minerals. 
It is an ambitious attempt co interest the general reader 
in many aspects of the subject of Minerab, including 
their shape and internal structure, physical character^ 
mode of occurrence io rocks, and tbeir imporcaoee la 
vforld affairs before and during the Industrial Age. It 
aims also at telling something about the geological pr<> 
cesses of fortoaiion of economic mineral deposits, the 
search fbr new occurrences, the operatiorts involved In 
the winning of industrial minerals and metals, and the 
dUcribution of mineral resources throughout the world. 
If the book encourages the reader to leam more abodt 
the many>faceted subject of Minerals it will have 
achieved a useful purpose. . 




W. R-J. 
D. W. 
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INTRODUCTION 

IT was customary to classify aU natural objects 
into three great groups or hingdam s a nlmaJ, vegetaUe, 
and mineral. Tie fiial two cmbiaced every thing orgai^c, 
whether living or dead, whereas the mineral kingdom 
cojDpriwd the whole inanimate world including minerals, 
rocks, khIs, and the *waion of (he earth*. Minerals are 
the materials out of which nearly all the rocks of (he 
earth’s crust are built. Ticy are, strictly ipoaking, In* 
Organic products of nature made up ofchctnicul elements 
or compounds, though a few substaiKxa of organic orlpn 
such as coal, pearl, coral, and the fossil rcslo, amber, are 
often decrib^ as mberab. It Is true that the chemist 
and metallurgist are able to prepare many substancea 
pcssesslog ezaeily the same composition and physical 
properties as minerals found In nature, but tbelr labor> 
furnace products are classed apart as arti£dal 

minerals. 

Although we live in a world mainly composed of 
minerals few people realize the extent to which (he quae 
for minerals and their utUization have ioftuenced the 
course of history. From the remote times when our pre- 
bistoric aacaion sought Dints for m aking implemeats 
until the present day when our contemporaries search for 
uranium'bearing minerals to manulauure atomic bombs 
and utilize atomic energy, minerals have played an isw 
creasingly significant role to world aflalrs. Indeed, we 
have become so dependent upon the products of the 
1 



2 UINBKALS AMD UtNfifcAt DEPOSITS 
minenU kingdom th^t it tavei tK« imagination to vu\ia1* 
ize life vnthout them, for they provide us vnth the 
material for isost of our buildings and domestic appU> 
aoces, our lighting and power> our means of transport on 
land and sea and in the air, the mineral fertiliser vital to 
agriculture, and a vast array of implements and machines 
used both in peace and to war. Even before the indus' 
trial era the lure of minerals, and especially the craving 
for precious metals, bad profoundly aRected the trend of 
history by eocouragitig exploration and commerce, in* 
citiQg conquest, and promoting the spread ofcivilizatioo. 

Duiiog the past one hundred years the volume and 
variety of mineral production have grown so much that 
the rami^ing influence of the mineral industry now per* 
vadea the whole fabric of human activity. Within this 
period the annual output ofiroa, the master metal of our 
^e, has multiplied a hundred-fold, that of copper more 
than sircy-fold, and the production of many other metals 
arul mineirals has increased to an even greater degree. 
So rapidly has the explication of minerals accelerated 
that more of them have been extracted from the earth 
during the past forty yean (ban in all preceding history. 

The firing trend of mineral production has kept pace 
with the expanding volume of industrial output. When 
industry thrives the yield of minerals increases, and in 
times of Industrial depression their production correa* 
pondingly declines. The curves shown in Fig. i illus* 
crate the growth in the annual production of several 
essential metals between the years t&8o and 1944, and 
depict how the general rise in metal output was inter* 
rupted sharply by the post-war slump of 1921 and again 
by the world depresaioa of the early 1930*0. There* 
after, production Increased owing largely to active 
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preparations forv/ar lo many countries and the aisaesing 
ofioinecalstodrs necessary for the manufacture of arma* 
menu. Durif^ the swty-four^ycar period mentioned 
there were anaiogous trends in the production curves of 
nearly all miners) preduetj, including iron, manganese, 
mica, asbMtce, coal, and petroleum. The output of pig 
iron muidpHed more than ftve*fold, reaching over a hun¬ 
dred million tons in 1940, and there was a proportional 
tnerease in the exmetion of manganese ore indispensable 
for the maVing of steel. 

Coupled with the vast expsnrion in mineral output 
there has also been, particularly during the past twenty 
yean, a growing demand for more varied supplies until 
now more than a hundred dilTereot minerals are em¬ 
ployed In bdustry. Many elements formerly eoosldered 
as ‘rare’, such as beryllium, cadmium, cerium, lithium, 
radium, selenium, tantalum, utaoium, and zirconium 
are now in everyday use, and several mioerals that were 
commercially useless two decades ago have since then 
entered the widening held of industry. V/lthin recent 
years, too, there has been a phenomenal increase in the 
production of minerals used in the manufacture of 
aluminium and magnesium for light alloys embodied in 
the construction of aircraft, autoiaobiles, railway car¬ 
riages, and so forth. 

In the rapidly expanding chemica) industry no single 
coramodity plays a more important role than sulphuric 
acid, which is obtained almost entirely from two minerals, 
iron pyrites and sulphur. Indeed it has been averted 
that a nation*! consumption of sulphur is a measure of 
its industrial progress, for lew manufacturing processes 
fail to utilise it in some form or other. It is not surprising, 
therefore, that the explol cation of sulphur-bearing deposits 
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haa procwded ^>acc durift* Uw proeirt c«nUuy. The 
cver^fowiag oeed f«f food entiled Rn increwift* 
demand in acricultu« for loincral fertilaws which pn>- 
vWc pUoo with essential ^so^homs, poasoum, sul¬ 
phur, and Diinsgco. Widun the past iJurty years ihc 
annual prcducikm of these fcrtUiaen has been more than 
doubled. 

The present century haa witnessed sufh an enormous 
increase in the «c of Portland cemmi in the mnsiruciion 
broads and buikllngs that we mlgiu juMifaUy refer to 
modem limes as the ‘eeioent a«r\ World production of 
this cement, which Uman«ractuf<^rB«niiaUy from lime¬ 
stone and cUy, now appmarltes a hundml million low 
s year and thus ranks as ow of llic mnsi in.piftanc 
branches of the laineeal Induslry. The vast expansion in 
building has abo rcsdied in a qsocucylar growth in the 
consumption of gypsum i* the manufacture of plasters, 
latb, and wallboards, the annus! world output of 
gynsuic bring now about ten mibba tons. FinaJly, we 
may note that wnoog the many other non-metallic 
mineraU whose production has soared during the past 
forty yean are asbesim for use io fireproof mawriab, 
clutch &u:ingi, and brahe liniogs; ilmenite for tiunium 
paints; borate for enameb, flaao, and glassware; and 
industrial diamonds fiw die, drills, and mariuac loob. 

In answer to the question, ***^*'“^ ^ 

a Wy say that no defioitSoe will satisfy everybody, for the 
geologist, the cmner, the lawyer, and othem me the lena 
with different mcaaingi. To the geok«bt the great 
majority of mlnerab are ioorgank suhstances, each pos¬ 
sessing a eharacteristic chemical conporitfon and usually 
a defiaiie crysoOlme structure wbkh, under favourable 
conditions of growth, « otpressed by a t^uJar exicnttl 
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shApe or form. As regards the chemical eompodtion a 
certain latitude is pemussibie providing it doe not email 
any radical distortion In the atomic structure of the 
mineral. For example, when pure the cominoa ore- 
mineral ainc blende is composed solely of einc and aul. 
phwr atoms, but a considerable proportion of the ^nc 
be replaced by iron without the mineral losing its 
original identity. Similarly the well-known mineral 
onhoclase, or potash felspar, eontaios variable amounts 
of soda, though when all the potash is replaced by soda 
the felspar undergoea a change in crystalline character 
and is then called albite or soda felspar. 

On the other hand, the same chemical subsunce some¬ 
times CJQsu in the form of two or more quite distinct 
miacrals. For instance, carbon occurs in nature as dia¬ 
mond, the hardae of minerals, and also as graphite, one 
of the softest; similarly, the compound calcium carbonate 
may cryiulliic in two markedly different modifications 
as the minerals caJeite and aragonite, whose internal 
structures are fiindaneotaliy unlike. 

Although an almost endless number of compounds can 
be formed from the various chemical elements yet the 
number of mineral species is restricted. It is true that 
more j,y>o minerals have been described and 

reeogmaed by mineralogists as genuine species, but a list 
of soo would embrace all the common orwa, including 
those of economic importance. Actually the bulk of the 
earth's crust is composed of but six mineral groups, 
namely fdqsar, quarts, mica, pyroxene, amphibole, and 
olivine. 

Natural ice is a mineral, for it has a definite composi- 
lion, H,0, and its internal structure is as truly crysialline 
as (hat of the most perfect snow-crystal with its exquisite 
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hexagonal synimeery. Id cbe popular conceptJOD all 
minerals are solids, but water and mercury, which are 
both liquids at ordinary temperatures, are accepted by 
the mineralogist as specific uiinecals. 

To the layman and the lawyer almost anything of 
econcouc value that can be won from the earth, such as 
coal, oil, luziestone, or slate, is regarded as a mineral. lo 
the strict sense substances of this Land are not minerals, 
though they do belong to the mineral kmgdom and are 
included ia statistical lists of mineral production issued 
periodically by the governments of various countries. To 
the geologist, however, coal, granite, clay, sandstone, and 
marble are all classed as rocks because they are mixtures 
or aggregates of diHereat minerals. 

IT we eumine closely the well-known rock called 
granite, so commonly used as an ornamental stone, we 
can see with Che naked eye that it is made up of at least 
three eomponenu. In iact, the granite is very largely 
composed of three essential oonatirueais, quartz being the 
colourless glassy material with irregular ouclioc, felspar 
the milky-white or Hesh-coloured substance with ra^er 
scoootb surfaces, and mica the soft glistening black or 
silvery-white material wbich can be readily split into «>»m 
scales. These rock constituents are called minecals, each 
having a characteristic chemical composition and cco- 
sisteoc physical characters. Some rocb eomUc wholly or 
almost wholly of one component; for CKampIe, pure 
marble Is made up entirely of the mineral calcite In the 
form of ao aggregate of ioterlocidng units, and sandstone 
is mainly composed of somewhat rounded crao^jarecc 
graios of quartz. 

In general, mineralseWierJrem ielutwi, fimjimeny 
or ftMmaiion ^om vapetp’s. Crystallizatioo from selu* 
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lion b octopUfied by tke growth of salt ccysuU, cubic m 
form, which separate out during the slow evaporation of 
an aqueous solution of sodioco chloride. Other crystab 
may be produced by lowering the tempetalure of a 
saturated saline solution, or by reducing the pressure 
sufikiendy to induce supersatutation and the predpita* 
tion of CTystallinc salt. Minerals form from a fused molten 
lava in much the same way as ice crysiaU develop when 
water frecres, for water can truly be regarded as fused 
ke. As the lava, or molten rock material, cools the el^ 
ments group themselves into various 'molecules* which 
cluster together to build the individual mineral grains of 
the r«ulling solid rock, the growth of large crys wls being 
promoted by very slow cooling- A few minetab result 
from the interaction of gases, or by cryswlliaing from 
vapour just as snow crystab form by condensation of 
water vapour io the cold upper layers of the atmosphere. 
Bright yellow crystab of pure sulphur commonly grow in 
this way near the crater rims of active volcanoes, as a 
direct sublimation or cooling product of sulphur-bearing 


vapours. 


It 


MINERALS IN WORLD HISTORY BEFORE 
THE INDUSTRIAL AGE 

LoNO &EroaB civ)lis«ii man learned to uM roetelj the 
ioEuencc of minerals bad deeply affeeted the lives of bis 
Stone ancestors. EsrUest nun is known to us by the 
flints he fashioned for implements, some of which jsay 
have been shaped by bin 500,000 years ago, before Bri¬ 
tain was invaded by (be great icc^heeis of the Pleistoeene 
period Palaeolithic Bint serapeis and ha&d*axes made 
by successve racm of early man have been discovered in 
envm and old river terraces, the pressure-flaked impl^ 
ments fobricated by Solutrean man more than &o,ooo 
years ago being of exquisite workmanship. The earliest 
flint to^ were made from material collected from the 
suffoce of the Gbalk or from river pebble-depono, but 
during Neolithic systematic mining for flint in the 
Chalk beds of England and France was actively pumed- 
Tbis actually reprments the oldat known form of under¬ 
ground mining. 

Palaeolithic man was an inveterate user of palnO, hb 
marvellous paintings on the walls and roots of grottoes 
being coloured with mineral pigments, such as red and 
yellow ochres cooslsiing of iron and manganese oxides 
mixed with clay. At a very early period be carved soA 
stenm into omaaents and uien^. The working of day 
for pottery, begun in Palaeolithic times, became wid^ 
spread during the Neolithic age and was undoubtedly 
the first large-scale mineral industry. Between 100,000 
9 ■ 
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ud 7000 EC. primitive man is said to bave used about 
IburtoeQ diiTerect v&rieties of semUpredous and decora* 
tive atones, inclxidmg chalcedony, rock cryacai, serpen¬ 
tine, obddian, pyrite, amber, jadeit^ caldte, sunethYst, 
and duorspar. Gems and predous atonesi ‘the fiowen of 
the minera] kingdom’, bave been prized for their beauty 
since prehistoric times and were diligenUy sought by the 
early Egyptians, Babyloaians, Assyrians, and Indians. 
More than 5,000 years ago the Pharaohs dispatched ex¬ 
peditions to the Sinai Peninsula in queal of turquoise, 
probably the hnt gem-stono to be mined extensively, 
and the andent Egyptians sank hundreds of shaiU in 
search of emeralds on the coast of the Red Sea. It was 
the fascinating cobur of the stones, such as the blue of 
turcjuoise and lapis lazuli, the purple of amethyst, the red 
ofgsunet, and the green of malachite, that prompted early 
trade to these minerals. Apparently the diamond was 
not an article of commerce until abour 700 eg. and did 
not attain industrial importance before a.p. Goo. 

Salt played a significant part in iafiuencing the course 
of trade in the ancient world and has long been the cause 
of strife between peoples. The salt oasis of Palmyra was 
the meeting point of the great trade routes from the 
Phoenician ports to the Persian Gulf and from southern 
Arabia. Caravan tracks through the libyan Desert con¬ 
verged 00 the sale brings, and at the time of Alexander 
the salt mines of India were a focus of trade. Itisprol> 
able that salt, obtained from works established on the 
banks of the Tiber about 625 a.c., was the hist minecml 
to provide a source of revenue to the Roman state. In- 
ddentaUy, the word ‘salary’ originally referred to the 
money paid to a Roman soldier to buy his much-needed 
salt. In Gersuoy the great salt deposits were being 
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worked vigorously duriog C«ltic tuses in mines reputed 
to be the oldest in Centnl Europe. These taiii stocks 
were the cause of bitter wan beCweeo the German tribes 
during the relgs of the Caeian. In countries where salt 
is scarce the mineral has served since time intmemori^ 
as a ba^ of taxation under goverament monopoly* 
Metals were first used fay primidve man as orasmteats. 
The earliest to attract attention was gold, which No> 
lithic man discovered as glistening nuggets in the sands 
and gravels of many streams. The bright metal proved 
so malleable and so resistant to carnish that it became, 
and sbll remains, the ornament fiar txctUena. Copper, 
which may occur naturally in 'pure* metallic form at or 
Dear the surface, was also used for decorative beads and 
bangles during the Stone Age. Since copper is a soft 
metal that can be hardened easily by hammering, primi* 
live man soon learned to it for mece practical 

purposes into knives, arrowheads, and spear p^ts. The 
metal is said ro have been known to the Egyptians before 
12000 a.c., and the art of hardening copper by hammer¬ 
ing was certainly known to the Clhaldcans nearly €,joo 
years ago. Silver, another sof^ element found in nature, 
was also of early use, the art of shapiog silver vases and 
jugs being well advanced by 2^^ 

The fortuitous discovery in the camp-fire that metal 
could be melted out of (be rock was an event of hn.mmsc 
porient, for it heralded the Age of Metals in which we 
sow live. This crucial event seems to have happened 
little more than 5,000 years ago, when the first prinidve 
smelting of copper yielded a spongy mam of metal ct{> 
able of being beaten into cools. Not long afterwards the 
practice of ca sting began and copper implements were 
then shaped by pouring the molten metal into stone 
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mould#. Silvor and loftd, easily reduced from their 
shining ores, were among the earliesc products of the 
ruduneatary furnaces. la the ruins of Kissarlik {later 
named Troy) were found shapeless lumps of lead believed 
to date back to neariy 3000 a.o. and the metal is thought 
to have been used by the Chinese for debating coinage 
before sooo b.c. Lead was later employed by the ancients 
for ornaments, sling^ehot and, especially in the days of 
the Roman Empire, for waier^lpes, remnants of which 
were found In the buried cidea of Pompeii and 
Herculaneum. 

In many regions, such as Cornwall, Bohemia, and 
China, copper and tin ores occur In close aasoclattuo and 
it is not surprising therefore that bronse, the alloy of 
these two metals, was produced at an early date. The 
use of bro&ze, which is coiuiderably harder than copper 
and thus more useful for manufacture^ Implements, 
began In Europe before 9ooo a.c., posaibly more than 
$00 years before tin (which does not occur naturally as a 
metal) was smelted ih>m its oxide, cssMtoite, Similarly, 
the intimate asseclatbn of copper and alnc In certain 
disccicts led to the productioQ of braes for making orna> 
mcots aod utensils, though the metal nine was not dis* 
covered until 1509, at the close of the medieval period, 
firacelecs made of brass were unearthed from the ruins 
of Kameiros, on the island of Rhodes, burnt in the sixth 
century B.C. 

Iron is a very common corutloient of the earth*# crust, 
yet the purposeful production of the metal by smelting 
did not take place for thousands of yeaia ato copper, 
silver, and lead bad first been reduced from th^ ores. 
Although iron appears to have been known to the 
Egyptians as early as 3300 8.0. the surviviog iron relics 


B£FOSS TBS INDUfiTKEAL AOB Ig 
beloa^ng to the $6 remote tiises were almost certaml/ 
outdo from malleable meteoric iron. For long the metal 
waa 80 rve as (o be more highly prized than gold. Iroo 
Icnives dating back to 1350 8.c. were discovered near 
Gaaa in Falstiae, but not until about isoo b.c. was mao 
able to fabricate useful tools such as hoeSr sickles, and 
ploughshaKS from the iron eKtraoted from ore. Even 
then the primitive founder could only produce n spongy 
mass of metal capable ot bang hammered in the forge, 
and the actual smelting of iron ore to yield ‘cast* iron, 
which requires a temperature of 1,500^ G., was not 
accomplished until about the fourteenth century. The 
vise of iron for weapoos and implements was widespread 
throughout Europe by the time Caesar landed in Britain. 
From then onwards, as we shall see later, its influence on 
human history expanded continuously until it became 
the very backbone of modem civillation. 

The panorama of human activity during the past 
3,000 years has been profoundly affected by the lure and 
possession of minerals, and the march of dvlltzation has 
kept pace with development la the are of utilizing 
minerals. In the long history of Egypt before tbe Chri> 
tian era much of her wealth, trade, and milicaiy record 
was bound up with the quest and acquisition of metals, 
particularly fiwn the gold mines of MubU and the copper 
deposits of Sinai and Cyprus. In exchange for her metaJs 
and turquoise there came ulb, s^cOi and gens from the 
Orient, and trade flourished with the gold>Ioving kings 
of Assyria. Copper aod later iron furnished weapons for 
the conquering soldien, and with tbe amassing of metals 
Egypt attained the aenich of her power about 1400 b.o., 
during the reign of Ameohotep Ill. 

It wsa the search for metals that led tbe seaforiog 
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Creuns and later tbe Phoenicians to dominate trade 
throughout the Mediterranean for about a,ooo years 
before the birth of Cbrisi, and to undertake penlous 
voyagea of exploration. They discovered gold, silver, 
copper, and tin minerals in the hilU of Spain and in other 
faf»Ai bordering the Inland sea and carried copper from 
Cyprus and Greece. Tbe Intrepid Phoenician metal' 
mercbano reached Cornwall, the famed Casslteridas, 
about 600 B.O., from whence they shipped tin to (he 
eastern Mediterranean lands, for making bronae wea¬ 
pons. It was the rich mineral wealth of Spain th&c 
contributed most to tbe pown* of Tyre and led to colon- 
izatioD of tbe west. The Carthaginians, who followed 
their Phoenician ancestors into Spain, owed their 
ascendency largely to the silver obtained from tbe mines 
of Andalusia, with which Hannibal and other generals 
hired mercenary troops ro fight their Panic Wan with 
Rome. Possession of the Spanish mlnea was Indeed a 
prime cause of the long struggle between Carthage and 
Rome, for the Romans needed silver for their currency 
and for trade with the East. It is slgnifieant chat tbe 
power of Carthage declined rapidly after she was driven 
fcom Spain and deprived of precious metab. 

Much of the history of Ancient Greece is intimately 
linked with that of the famous ulver mines ofLaurium, 
near Athens. Her prosperity during the Golden Age was 
in large part due to the successful exploitacton of these 
mines, for 'Laurium was a fountain running sliver, a 
treasure of the land’ during the ber^ days of Greece. It 
was the sitv^ of Laurium that enabled "niemistoeles to 
build ships of war, with which he defeated the Penlans at 
Salamis In 4&0 a.a and thereby turned the tide of human 
history by saving Europe from Peniao dominatioo. 
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About 150 y«An Utcr the gold of Mouat PAtigaeu in 
Macedonia provided treasure which enabled Alexander 
the Great to equip and finanee hk first campaigns. 

The ¥locaark& in their turn owed much to mineral 
wealth derived by conquest and plunder. An empire 
gained by the sword was largely maintained by the flow 
of metals from tributary lands. By vanquishing Carthage 
the silver, gold, copper, iron, and mercury of Spain; 
became the spoU of Rome; by conquering Britain she 
acquired copper and lead; and by subjugating Greece 
and Asia Minor she* gained control of their metallic 
richee. Bvectually, with the gradual exhaustion of 
mineral resources abroad, the supply of metal for trade 
with the East dwindled and thereby contributed to the 
decline and fall of the Roman Empire. Therearter, the 
Dark Ages settled on Europe and minbg renamed virtu¬ 
ally at a standstill for 400 years, until Charlemagne and 
hb successors began to explMt the gold, silver, and lead 
deposits of Central Europe. In the tenth century the 
discovery of silver veins near CcaUr initiated a mining 
industry in the Hars mountuos of Germany which 
helped to Anance Otto the Great in hU campaigns of 
empire. From tbb cradle of the real ait of mining the 
Saxon mioers led a migration of the Geman population 
eastwards towards the rich lead-slver deposits of Frei¬ 
berg, dbeovered in 1170, and subsequently to the pr^ 
cious metal mines of Siloia. The expanding output of 
silver in Germany throirghout medieval times assured her 
the commercial supremacy of Europe, and durirsg thb 
period mining progressed fi^m predatory exploicadoo to 
the status of a basic and beneficeot industry. 

It was the quest for precious metab that led to tAe 
discovery and exploratioci of the New World. Columbus, 
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filing westv/arda id soucb of a new route co the Indies 
and the land of the Great Khan, was lured on by the 
prize of gold, pearls, and other riches. From the Baha. 
mas, where he hrst landed in (493, he journeyed south* 
wards to Cuba and Chen to the island of Haiti in the hope 
of finding the phantom El Dorado. Scene twenty yean 
later a small band of Spanish adventurers, led by Cort6, 
reached Meideo, where their lust for conquest was roused 
by Montezuma’s display of gold and &lver ornaments. 
The lubjugationofMexico was quickly followed by other 
piratiol cepeditioni by the gold-loving Spanish son* 
^wtadoTH, culminating in Pizarro’s conquest of Peru. 
After robbing the oativei of ornaments and plundering 
their gravs the Spaniards exploited the precious metal 
deposlD, toeluding the fabulously rich ulver veins of 
Potoaf, and throughout the sixteenth century treasure 
poured from many parts of South Aiuerioa Into the 
coflers of Europe, Upon these riches was founded the 
short-lived hegonony of Spain, which ended with the 
seizure of Sptni^ galleons by Drake, Hawkins, and other 
English privateers. The booty thus diverted not only 
impoverished Spain but also helped Q>teen Elizabeth to 
build the navy v^ueb defeated the Armada in 15S6. At 
about this time the influx of predous metals into Europe 
was so great that the price of commodities rose and 
brought in its train increased industrial and agricultural 
activity and a wider pursuit of learning. 

By Che e nd of the seventeenth century the continued 
use of charcoal for smelting iron had resulted In such 
destruction of the English forests that growing attention 
was directed to coal as a metallurgical fuel. In ryoq 
A*brahaTu Darby started to smelt Ireo ac Colebrookdale 
in Shropshire, using coke in the bUst'fumace, and from 
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then onwArdj there wm a lepld increase In the utilbadon 
of coke for smeltb^. This, coupled with the invendon of 
the steanxngine io 1768, heralded England’s ^vodd 
supremacy in the production of steel and her industrial 
predovtinance during most of the aineteentH centurys 
Apart from the national characteristics of her people 
Ei^land was fortunate in possessing large deposits of 
coal and iron in close proMinity* and to thb happy dr- 
cunutance we must ulilcoalely ascribe her pre*<ininence 
in world affairs during Victorian times. The rise of other 
industrial nations, notably France, Germany, the United 
States, and latterly the Soviet Union, waa also due 
mainly to the fortuitous occurrence of extensive deposits 
of coal and iron closely grouped within their own borders. 

Within the past hundred years mineral discoveries in 
many parts of the world have profoundly affected the 
course of history. Two events of momentous sigoificaoce 
happened during the opening yean of the induscrisJ age 
in England. The accidental discovery of gold in the 
tail-race of a sawmill in California in 1S4S led to the 
great gold rush of ’49. Within a decade tbe population 
of Galiibmia was more than quadrupled, the dig^sgs 
had yielded about £iOO million in gold, and (he little- 
known country between tbe Mississippi and tbe Pad^ 
had become the scene of lotensive exploration and settle¬ 
ment. TbegoldofCalifomia wasaninvsJuablelinaneial 
asset to the North b itsatniggle against the South during 
the Civil War, and coosequently played ao iii^>ortant 
role in mabtaining the political unity of the United 
Stares, In 185* tbe discovery of gold b New South 
Wales and at Ballarat and Bendigo b Victoria led to a 
spectacular rush to Australia, involving the rapid influx 
of more (ban a million emigrants from Great Bricain. 
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TlfC remote convict settlement of Australia became n 
bive of activity and, with the subsequent Ending of other 
mineral depe^u, such as the silver*lead ores of Broken 
HiU, RS.W., and the gold veins of CalgoorliCi W.A., 
more immigrants entered the continent to mine, to dll 
the soil, and to build a brave Mw vrorM. 

We may conclude this chapter by recalling that it was 
the lucky finding in 1867 of diamonds in the Kimberley 
district of South Africa that led to the industrial awaken¬ 
ing of the Dark Conilneai. The feverisJi mining of dia¬ 
monds was followed by the discov«y of the world's 
richest goldfield on the Witwarersrand of the Transvaal 
and tho consequent further quickening of mining activity. 
Aided by profits from the gold and diamond mines, Cedi 
Rhodes despatched oepeditions northwards to the Zam* 
beat In search of gold, and under his guidance British rule 
was extended deep Into the heart of Africa. It was, as 
usual, the pioneer miner who went forth to blase the trail 
of civilization. 
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THE COMPOSITION OF THE EARTH’S 
CRUST 

To A o&PTH of iriAny mites below the surface che outer 
solid shell or crust of the earth is composed of a great 
variety of rocks, the vast majority of which are cnineral 
aggregates. Thee rocks include soft and loosely com¬ 
pacted materials such as clay, saod, and gravel, as well 
as hard stony ones like granite, sandstone, and limestone. 
They may be classified according to thdr origin into 
three major groups—igneous, sedimentary, and meta- 
morphic. The^Awur rocks are those which have solidified 
from a hot mol ten rock materiel called magma. Granite 
and basalt are two of the corumoncst cypea. The 
stdinufUaty rocks are formed from the soluble and Insol- 
xiMe breakdown products of pre-exucuig rocks and have 
been deposited on land or la water, for the most pact as 
layers or strata eorulsdng of disintegrated rock-fragmeots, 
organic re^^ai^B, or chemical precipitates. Saodstooes 
and limestones are typical ecamples. Mtlempt^ie rocks 
are developed from either igneous or sedimentary types 
by the action of beat, pressure, aod cvcuJaiing wacccv 
and include marble, slate, and schist. 

Although the sedimentary rocks act as a thin blanket 
covering much of the land surface of the globe, they 
eoBstilate only about 5 per cent of the iota! bulk of the 
earth’s crust down to a depth of to mils, In studying 
the eomposicion of the crust as a whole therefore, such 
familiftf sediments as limestone, sandstone, and coal are 
'9 
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of much l«sser KCOui^t thin the igneous and associated 
netamor^ic rocks which uodertle the cover of sediment¬ 
ary rock aod are also exposed over wide tracts. So 
preponderant are the igneous rocks that we can safely 
assume thmr average composition to approximate to 
that of the outer lO miles of the earth’s crust. From a 
computation based oq about S,ooo enalyses^ Clarke and 
Washington esiunaled the average chemical compeeition 
of all igneous rocks to be as shown in the following 
table. 


AVERAGE GOUrOSmON or THE BABTIt’s CRUTT 
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As indicated, only eight elements are present in 
amounts exceeding i per cent and these together acceuac 
for 9$ per cent of the earlh*5 crust. Following the 
elements listed above are carbon (C) 0*09 per cent, 
mangaaese (Mn) 0'0$ per cent, sulphur (S) 0*05 per 
cent, chlorine (G) 0*05 per cent, barium (Ba) 0*04 per 
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cen(, fluorine (?) 0'03 per cent, and itroDCium (Sr) 
003 per cent. The teauiiriing elemenU, includiT^ 
valuable meuU such as chroiaium, copper, skkel, 
tungsten, zioc, tin, lead, aoticcony, mercury, lilver, 
gold, and platinum (named in order of decreasing 
abundance), together constitute leas than o*80 per cent 
of the crust. It is thus clear that before these metals can 
be profitably extracted from the ground they must have 
been highly concentrated by geological proceases. In 
view of the increasing importance of the ‘rarer* elements 
it is signiiicant that, according to the eminent geochemist, 
V. M. Goldschmidt, rubidiuro is three times as plenilfui 
as copper, cerium is more conunoo than zinc, yttnum 
occurs in double the quantity of lead, and the ‘atomic 
bomb element’ uranium is 800 times more abundant 
than gold or platinum. 

With a few possible exceptions all the known elemenu 
are found in minerab. About twenty elements, includ¬ 
ing gold, sliver, copper, and carbon (in diamond and 
graphite), may exist in the free or uneomWned form and 
ace said to occur in the naliot sute. Thes^ however, are 
rare in comparison with the rilieaU mlnerab, which 
comprise more than 95 P« ^ 

crust and arc unquestionably the predominant rock- 
forming minerals. They consist of oxygen and nlicon 
usually to cotobtoaiton with one or more metallic 
elements such as aluminium, sodium, potassium, cal* 
cium, magooium, and iron, often foreiing complex 
chemical structures. Two well*knowo mtocrab, quam 
(SiO,) and felspar (eg:. KA 1 S 1 , 0 |), ate the commonest 
of all the silieaMa. Among the other chemical ctasse 
of minerals we need ac Ibis stage only mention briefly 
the jw^Aidw, fomicd by the union of various metals with 
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wlphur (e.^. - kad wlphide Pt>S); tbe veidea, 

cpniafntng « jiicul io wiUi orygea (e.g. 

ban^tite ~ iroDCEddeFciO^aadcAsatcrite • da oxide 
SnO«): the GSfhenaia, cooskdog of exrbon and three 
eCoau of eDC)rg^ together with a laeta} (e^. ealoito ^ 
caldon carboaaie ^GO,): the ar^eftr, cooqsousds 
of mlphui and Cacygea with «>e or toon r nrtsb (e.g« 
barytes « barium raJphate fiaSOJ; aad the /W/der, 
which iaclude Ample eraripoittids of ehlorine or duoriae 
with a iMtal (e.g. halite or eemmoo mlt • sodium 
chloride NaQ, and fluorqtar • r^iritrwn gtioride CaF^. 


CHAPTBIl IV 


THE SHAPES OF MINERALS 

Natuu’s love of order Asd5 one of ib mot faadiuting 
expressions in tlie fom of mioerals that have developed 
freely and slowly without interruption. Under such 
favourable condiUozu of growth aearly ell minemb 
assume defuute and characteristic shapes known as 
efyiiaisr which are bounded by plane sur&eea (&eea) and 
have the appearance of artiltdally made solids or cut 
gem-stones. The word crystal popularly conjures up the 
impresslea of clear ‘crystal* with smooth sparkling 
facets. But a piece of glass, no otatter how perfectly 
fashioned in outward form, Is act a crystal In the 
scientific sense. Crystallinity U in fact determined, not 
by external shape, but by the orderly arrangement cf 
atoms within a substance. In glass the atoms are jumbled 
together and their disposition is devoid of synunetry, 
whereas in ctystals they are arranged in a precise and. 
regular znanner. The contrast between the two struc' 
tures asay be likened to that between the cbaos of a mob 
and the disciplined array of a regitnent oa parade. With 
few exceptions, such as opal, all minerals are crystallioe 
and even though their outward shapes may be quite 
irregular they are each characterized by a regular atomic 
pattern. In favourable drcunutancei thb unique pattern 
of individual znicexaU is visibly expressed in the regular 
beauty of a crystal. 

The word 'crystal* is derived feem h^tallet, meaning 
dear ice, a name which was also applied by the andcDt 
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Greek) to the peUudd colourless variety of quarts (rock 
crysul) found amonif the snow*clad peab of the Alps, 
in the belief that it was ice made permaneotly solid by 
intense cold. Not until the close of the Middle Ages vpv 
( he term extended to other regularly bounded for y>« 
found in nature or obtained by the evaporation of salt 
solutions. The comparative ease with which rock cr/stals 
can be collected made them early olyects of study* 



fig. 3 . Qjurta. (a) Simple ideal crystal ^ (i) Distorted 
crystal t (ej (g) Groa-sections ^ p^ct and distorted 
crysiaJs. with consuai interfacial angles betrvsen prism 
laces n. ' 


Indeed, the first triumph of experimental crystallography 
was won by Nicolaus Steno in 1669, when he carried out 
aeasuiemeots on the angles between corrmponding faces 
of many difTereut specimens of quartz crystals. 

A simple type of quartz crystal, illuscrated in Fig, *, a, 
consists of six vertical faces called prisms («), lerminaied 
byax indioed faces (rand <) which together resemble a 
hexagonal pyramid. Such an ideal form is rare, for 
crysuis generally grow more rapidly in one direction 
than in another, due to interference by neighbouting 
crystals or because their food-supply, so to speak, U not 
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«quAlIy avaiUblc u) all direetioiu. In consequence, 
crystals are nearly always more or leas distorted in shape, 
ihous:h it is often possible to visualize the appearance 
of the ideal form. The xnissbapen crystal of quarts 
depicted in Fig- a, 4 , shows an unequal development of 
the sameeombinatioD of faces as that of Use perfect form. 
But, as Sceoo discovered, the angle between adjacent 
priim faces (n) is always IfiO^ and the angles between 
the sloping faces are also constant, no matter what shape 
or size the quarU crystal may be. However much a 
particular face may be displaced with respect to the 
centre of the crystal, it always remains parallel to its 
true orientation. 

The extension of Sleno's discovery to many oUicr 
minerals soon led to the formulation of the law of 
constant t(f wiet/adAi enj/es, the most fundamental in the 
science of crystallography. According to this law the 
angles between corresponding faces on all crystals of 
any ooe mineral speeles are essentially constant. Every 
mineral is distinguUhed by its own individual crystalline 
fbrm, and in spite of all distortions the angles between 
pairs of eorresponding faces are always exactly the aame. 
In &ct, thee angles are so charaeurislle that their 
oMasurement affords a valuable means ef ninersU 
identiheation. 

Various types of mstrumenta knows as (or 

artglMnearureis) have been devised for crystal measure 
pest. For approximate work, especially on large crystals 
with dull and rough faces, a simple contact goniometer 
such as that illustrated in Fig. 3 is useful. But, for 
accurate results, particularly when small crystals with 
bright faces are available, a refieeting goniometer Is 
indispensable. As a rule, the smaller the crystal the 

c 
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smoother and more dawless are iu faces And, vheo 
lusuous, thay can be arran^ to reflect beams of light 
from a bright source through a telescope to the eye. 
By suitably turning the crystal successive reflections from 
adjaceoc faces can be directed into the telocope, the 
amount of rotation necessary to accomplish this being 



a precise measure of the interfaciaj angle. Excelicnt 
results can often be obtained from crystals less than a 
millimette ic length, 

«f C^jleb. Even a cutrory estamlaation of 
many crystaU reveals a cerlam regularity in the pcsitioa 
of coiresponding faces and edges and their symmetrical 
development enhances the beauty of the minerals. All 
Mtural crystals possess some degree of symmetry, which 
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renJu in the repetition or recurrence of pAtdcular faces 
and edges, ihe highest degree being shown by cubic 
crystals, such as those of rock salt. Although the amount 
of symmetry varies in different mlnerab It always remains 
constant for each individual mineral and therefore 
serves as a natural basis for the classification of minerals 
into systems or styles of crystal architecture. In order to 
emphasise clearly the symmetry of a crystal, it must be 
imagined as freed from distortion a.nd restored to its 
ideal shape* 



Fig. 4. Axinire Cryst al, showing a centre of symotetry, 
but so planes or axes of symmetry. 

Symmetry in crystals is defined with refereoee to a 
centre of symmetry, an axis of symmetry, and a plane of 
symmeuy. The possession ofacrn^rs^rynwt^inpliea the 
occurrence of parallel faces on opposite sides of a crystal, 
as shown in Fig, 4, end that every point on the oystal 
is matched by a nmilar one equidistant on the other 

side of the centre. An axis pfviTuity is an Imaginary Img 

passing through the centre of the crystal about which the 
crystal can be rotated so as to present to the observer 
the same aspect more than once during a complete 
revolution. If the repetition of appearance occurs twice 
during a full rotation, the axis is said to be one of a-fold 
symmetry, and ics graphical symbol is #. The only 
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possible type of axIaJ symmetry displayed by crysralsare 
^ (#)» 3 - {A)> 4 ' (H)< and & {#) fold, as depicted in 
Fig. 5. FinaUy, a pla^ of ^nmitry divides a oystal Into 
two halve, each of which is (be mirror image of the 
other. For a homely analogy we may refe (o a chair 
with its sbgle symmetry pUoe, and to a reeisngular 
table with two such place at right angle. Some crystals, 
such as thee of common salt and fluorspar, possess as 



Fig. 5. Crystals with VeticaJ Axes of {«) enfold, (j) 3>(bJd, 
(r) 4-fhld, and (d) ^.fbld «ynuUcry. 

many as nine plane of syimnetry, whereas others, 
incloding the one shown In Fig. 4, have none at all. 

A crystal of gypsum, Fig. 6, may be taken to illustrate 
thee definitions of symmetry, for it dearly exhibits one 
symmetry place, at right angles to which is an axis of 
a.fold symmetry, artd a centre of symmetry. 

The laws (hat govern crystal structure limit the number 
of diflerent combinations of the various symmetry ele¬ 
ments just docribed to thirty*two classes. Actually the 
great msgority of micoals are eomprised within ten oc 
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twelve cf these cluses. The study of erysuls hA$ proved 
th^t (he ibuty-two symmetry classes can be grouped into 
u efystal ^kim thatace defined in terms of certain aa^ 
of reference. This broader clsosification a based upon 
imaginary lines, called crystallographic axes, which are 
assumed to pass through the centre of the crystals. In a 
sense these lines act as a soafioldlng upon which the 
crysul faces ace erected. The dire^ 
tion of the axes usually coincides 
with particularsymmeuy axes or they 
may run at right angles to planes of 
symmetry. Distinction between each 
of the six great systems depends upnn 
dilTorenccs in the number, length, and 
direction of the crystal axes. In five 
of the systems there are three axes, 
while the sb^th system has four. All 
crystals, of whatever symmetry, that 
can be referred to a similar set of axes 
are Included in the same crystal system. 

Each mineral specie has its own 
characteristic crystal form, which can 
heaasignedtoone of the following six 
systems: 

{. IsouBTRic (GcBio): These crystals are referable to 
three axes, equal in length and at right angles to one 
another. Some typical fonsss are the cube, commonly 
shown by fioorspar and rock salt; the octahedron 
(Pig. 7, a), as in the diamond; and the dodecahedroa 
(Tig. 7 , a), e.g. garnet. 

.''s. l^ntAOONAi.: Includes all crystals which can be 
referred to three axes at right angles, two equal ones 
being boriaoocal and the vertical a^ bemg ^ther longer 



Fig. 6. Gypsum 
Crystal, show* 
ing one plane, 
one ixu> and a 
cenue of sym* 
me try. 
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or shorter thao the other two. A typical form, cormstlng 
of a fouT'Sided priam of square section, terminated by 

fc )ynmid laces, u that of eireoa (Fig. 7, ; another 

pie is cassiteiite (Fig. 7, 6), the chief orC'Dimeral 

of tin. 

$, Hexaookal: ContaiRs those crystaU that are refer¬ 
able to four axes—three equal horizontal axes inter¬ 
secting at angles of lao^ and a vertical axis of dilferent 
length. Among the well-known minerals that crystaliiae 
in this system are beryl (Fig. 5, d), quaria, cakiie 
(Fig. 7, (), and corundum. 

4. Ortkorhowbio : Crysub whose three axes are at 
right angles to each other, and all of different length. 
Sulphur (Fig. 7, d), topaz, olivine, and barytes arc 
important minerals belonging to this system. 

5. MoNocuNtc: Such crystals can be rererred to 
three unequal axes, one being at right angles to the 
other two, which are themselves inclined to one another 
at an oblique angle. As representative mjnerab which 
crystallize in this system we illustrate crthoclase felspar 
(Fig. 7, r), gypsum (Fig. 6), and hornblende (Fig, 7,«). 

6. TaicuHic: Crystals with three axes of unequal 
length, all intersecting at oblique angles. The very im¬ 
portant group of minerab known as the plagloclase 
felspars, of which albite (Fig. 7. /) is a member, belong 
to thb system and axinitc (Fig. 7,/) b a typical repre¬ 
sentative. 

In each crystal system the class having the highest 
degree of symmetry is Imown as the normal class. That 
of the isometric (cubic) system bas nine plana of sym¬ 
metry, of the tetragonal hve, of the hexagonal seven, 
of the Orthorhombic three, of the moncclmic one> and 
of the triclinie oonc. 
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Fig. 7. Crystal Systcnu. 
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Whereas in the tsometrie system the three crystal 
axes are equal in length, in all the other systems there 
are axes of different lengths whose relative proportions 
can seldom be determined simply by measuring the 
actual dimensions of the crystals, lo order to fix the 
lengths of the crystal axes for any mineral, a face which 
cuts all three axes is chosen arbitrarily, often because 


e 



Fig. S. Olivine Crystal, Bho%ving crystal axs and faces in the 
onherhonbic sysceai pr «• prism; « pyramid; d* 
decse. 

it is well developed or is parallel to a direction of easy 
splitting. The ratio of the distances from the centre of 
the crystal at which this pardculac face cuts the axes 
determines the relative lengths of the crystal a xq for 
each individual mineral. This sometimes gives rise to 
the seeming paradox that when correctly oriented the 
actual bdght of the crystal may be is least 
despite the fact that its vertical axis is crystallographically 
the longest. For example, barytes corojiioiily occurs in 
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ilat cryst^,>vhlch appear as shown in Pig. 7, d, when 
oriented io ihetr 'reading position’, and yet :u vertical 
crystal axis is the longest one. 

In the orthorhombic, monoclinic, and rriclbic systems, 
where the axes are aJl unequal, a (ace inclined to all 
three axes is known as a p;frasmd', faces which cut two 
lateral axa and are parallel to the vertical axis are called 
/Tvmr; a face which cuts any one axis and is parallel to 
the other two is a fduaeoid'y and a dom intersects one 
lateral and the verticisl axis artd is parallel to the other 
lateral axis. These Parcs are depicted by a crystal of 
olivine (Pig. 8). In the tetragonal system the terms 
pyramid and prisms are u^rtl as above: but since the 
two lateral axes are equal, the term sttoiid otier prism is 
used in place of pinacoid and uctmd wdtt p/rsAmf instead 
of dome. The names pyramid and prism are also 
applied in the hexagonal system to Paces which cut more 
than one of the three lateral axes. There are two forms, 
however, which are confined to this system, namely the 
rhamb^u,dnti with six equal diamond^haped Pace, and 
the saitjHihidtim (‘dog-tooth', Fig. 5, j) with twelve 
unequal'sided triangular faces, 

Par^lA Crvsjih and 7 ~wvt CiystaLs, Within rocks the 
individual crystals are tmially grouped together hap< 
hasardly and are more or less irregular in outline due 
to interlocking of the constituent minerals during growth. 
When the crystal aggregate eonsista of one mineral it 
sometjmes happens that the individuals are arranged 
side by side in such a way that their correspondiog faca 
and edges are parallel, as illustrated by (he group of 
quaria crystals shown in Pig. a. Stich regular aggr^ 
gates are said to exhibit fioralUt gtowth, a further example 
being the so-called druiy crystals of fluorspar conaisdng 
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«f large octahedral cryitals coaled wilh minute cube ct 
the mineral in parallel dlsposiiion (Fig. ^ i). 

The 0)os( ineexesting and important case of regular 
grouping io crystals occurs when two or more individuals 
of the same mineral inteigrcw lo form tuon erystals. 
Frequeoily the twin resembles two half crystals united 
la reversed positions, with a ceriain crystal plane or 
direction common to both halvm. Although twins 
oonoally origiaale during the actual growUi of the 


( 0 -) 

Fig. 9. Parallel Growth, (a) Qjiarca crystab; (« Dnny 
crystals of rluorspar. 

crysuls, it is convenient in many cases to imagine the 
twin aa a single crystal cut into halves along a plane (the 
twin-plane), and one half revolved i8o* on this plane. 
A simple instance of this kind is shown by the swallow- 
tailed cwin of gypsum (Fig. 10), which we may visualize 
as being derived by bisecting a single crystal along the 
plane indicated by dotted lines, and then rotating one 
half through i8o* on the twin-plane. Id this example 
the sur&ee of union between the two components 
(called the cooipontion.plane) colftcidea with the twin- 
plane, though this is oot always so in all types of twinning. 
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Two general types of twin crystals can be distin* 
guished, namely ewuel iwiv, imited simply along the 
composition (ace, and penelralion tuMif, composed of inter* 
penetrating individuals. la addition to twiaa consisting 
of two individuals, there are repeated or muJtipk twins 
made up of three or more parts. Such twins are known 
as polysynthctic if their several composition plana are 




Fig. (0. Cypsuen Crystals, fr) Simple crystal; (i) Swallovr- 
tail twin. 

parallel, as in albite (Fig. is, and eyelle if they are 
pot parallel and tertd to Mm in a circle, as io rutile 
(Fig. Ji, a)< Many twin crystals have the form ofa cross 
or sar, and the majority of twins show r«*entrant angles, 
wbich are absent in untwinned crystals. Care must be 
takert, howevo', not to confuse such angles on twins with 
the re*enirants produced by the fortuitous or parallel 
intergrowth of separate crystals of the same mineral. 

The general tendency of twinning is to develop forms 
chat seem to display a higher grade of syrunetry than 
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that of (he untvivined crystal. Indeed, some rwins are 
classed as 'miiDede* or *pseudc>5ymmetric* Cwics because 
they simulate a higher degree of synuDctry than they 
actually possets. Per example, the Orthorbomble 
mineral aragopite (calcium carbonate) often aasuma 
a pseudo>hex^onal form as the result of twuinlng 
(Fig. 

Tv/inning that has been induced after the onginal 
fermatioo of (he crystal, owing to directed pressure or 




Fig, tu Bxampla rf Twins, (a) Cyclic ewin of Rutiles 
rs) PoJyyynihcuc ©r rcpoited twin o£ Albite Felsnsr: 
(c) PKudo.hexagoaaJ nmaetk twin ef Aragooite. 

shearing, is referred to as steon<ieiy fum/UBg. Thus in 
limestones which have been subjected Co pressure the 
constituent grains of ealdte Irequently display secondary 
twin-lamellae, similar to those produced artificially by 
pr^ag a knife-blade across the edge of a ealcite rhomb 
(Fig. xa) so aj to cause slipping along glide-piano. 

CVyrtol Hahii md OyjUlUnt Aggrtgaiu. It is meat 
unusual to find perfect crystal* in nature, and the true 
rymmetry of crystals is commonly masked by irregular- 
itiea of growth and variations in the relative developaicftc 
of the ^es. Such variations give rise to ft^stai AahUt, 
which are often a characteristic feature of ceciaiD 
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mioeraU. ITa pair ofopposite faces Is much larger thao 
the ether iace$ the crystab are said te be tabular, as in 
baiytes (F^. 7, d, pagw 31), or lamellar if they consist 
of superimposed thin sheets, as in mica. 

Many nunerals are typically elongated in a particular 
direction and exhibit eolunnar ibrms, as in crystab of 
beryl and tourmaline. If this tendency is accentuated 
Che minerals become needle 4 kke, or aclculct, as in many 
of the aeelites found within the steam-holes of basic lavas. 
Excessive elongation leads to the development of halr- 
like or capillary forms, such 
as titose shown by the nkkcl 
sulphide, millcrite, collo¬ 
quially known as capillary 
or hair pyrites. Perhaps the 
most remarkable of all the 
scretched-out crystals are 
the cubes of cuprite, also 
called ruby copper, which 
are enormously elongated in 
the direcdon of one of their 



FiR. IS. Artificisl Secondary 
Twinning produced In Cal- 
dte by pressure of a knife- 
blade. 


edges; cuprite of this variety, 

named chalcotrichite, rescmbla crimson plush when 
vast numbers of the hair-like crysub are crowded 
together as a matted aggregate. 

Certain minerals often adopt a characteristic bablc 
which b named In accordance with the predommaace 
of some particular crystal ^ce. For example, the habit 
may be cubic as In rock salt and fluoispac, octahedral 
as In diamond and magnetite, ihombohedral as in caldte 
aad dolomite, and pyramidal as in native sulphur. 

Mostmlnerab, instead ofgrowing as single welUformed 
cryitab, occur as unis in an aggregate of imperfect 
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cryiuls. Neverchdm, (be crowding together of a large 
cumber of iodividual cryitals frequently resulu in the 
development of special sbucluce end excerrtel shapes 
wbieb are chAraeieii&tic of cenaio mineraU. Among the 
inany descriptive terms applied to these structures are; 



So^ryoi^/ (MOfrrife CoraBoidd Aro^iU 
Fig. i$. Crvstallme Aggregates. 
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fidrous, consisting of fine threadlike strands, as exempli¬ 
fied by aabestoi (Fig. 13, c) and the variety of gypsum 
known as satin-spar; M^umner, made up of slender 
columns, as In hornblende; iaimllar, composed of thin 
plates or leaves, as in talc; and groM^sr, consisting of an 
aggregate of large or small grains resembling lump sugar, 
as in jsarble. 

Moreover, the aggregates often assume curious 
imitative external shapes and behave as mineral mlrelcs, 
to which the following descriptive terms are applied: 
rmfotm, kidney-shaped (e.g. hematite); hlfyoidai, like a 
bunch of grapes (e.g. dolomite, Fig. 13, a); aammllay, 
with rounded or breastdike surfaces (e.g. raalachlte); 
^ndfUUt branching tree-like or moss-like forms (e.g. man¬ 
ganese oxide); oaiilu, formed of almost spherical grains 
resembling fuh roe (e.g. caleiie in oolitic limestone, 
fig. 13, p); sUtlaftd, showing radiating fibres arranged 
in star-like groups (e.g. waveUitc, Fig. 13, a); lai^ 
or iilifenn, in thin wires often bent or twisted (e.g. 
native silver and copper); tialaetUie (e.g. pnlomelane. 
Pig. (3, s); and c 9 rai!oi<!ai, like coral, as in the variety of 
aragonite called )Zor/rm (Pig. 13, r). 

During the course of time a mineral may be altered 
in sueh a way that its internal structure is destroyed but 
lo external form Is inherited by another substaoee, 
which thus acts as a mlnetalogical cuckoo in the nest. 
A mineral which masquerades in the form of a diflerent 
species is said to be a pseudemerph or false form. For 
example, a cube of iron pyrtles (sulphide of iron) may 
alter to the ‘aiDorphous* hydrated iron onde, limonlte, 
which faithfully preserve the external form of the 
original pyrite and thus provides a pseudomorpb of 
Uoonite ai^ pynto. Similsirly, the addition of water to 
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tbe or(horhc£Db:e ca1c;ua sulphate, aohydriie, ina/ 
produce a pseudoroorph of monoclinic 
woody hbro of trees mxy be gradually replaced by 
is)6ltrating ulica to form petrified wood. Oa the plateau 
of western Colorado many remarkable and valuable 
petrihed logs have been discovered, in which the woody 
cisTue of the trees bas been r^laced by radium-uranium* 
vanadium minerals, two exceptional l<9 being valued at 
about £ 5 i 9 ,ooc~ 3b some cases pseudomorphism may be 
effected without any change in 
chemical composition, as when the 
ortborborabic form of calcium 
carbonate, aragonite, changes to 
the rhombohedral form, caldte. 

Humed cryetalUzation induced 
by the quick cooling of a lava or 
the rapid evaporation of solatioos 
may result In the development of 
abnormal forms of crystal growth, 
Hair-like or plume*Iike crystal 
aggregates sotoetliDes form within 
volcanic glass, and tbe hopper-sbaped crystals 

of »lt (Fig. 14) develop when growth takes place 
ftstest aloog the edga of tbe cube. 

Among the many odd pranks played by some crystals 
we maymeotioB twisted cryataJi of quarts and scibnite 
(antimony su^bide), sharply folded crystals of gypsum, 
curved rhorabobedra of dolomite and siderite, and the 
peculiar woRi>like forms of chlorite. Certain mioerab, 
notably pytite, quarts, and tourmaline, are often eharac* 
teriaed by deeply striated ^es, due to what are knewo 
as osdllatory combinations, which resiUt from a rapid 
aJtemadoD of different faces during crystal growth. 



Pig. >4. Hopper 
C^ial of ]s<«k 
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Thui, pyxite commonly occun as cubes, the adjacent 
faces of which are finely frooved in mutually per¬ 
pendicular directions duo to the repeated alternation of 
cubic and pyritohedra] faces (Fi;. (5, a). Zo the case of 
quarts the horizontal striatlons (Flg^ 13, j) are caused by 
continued and rapid oscillation between the vertical 
prism face and the iocltned rhombohedron (r). 

During; its growth a crystal may accidentally enclose 
grains of earlier-formed minerals or entrap parts of the 
liquid from which it is crystallmng. Many transparent 
crystals, notably those of quartx in granite, contain 


Fig. 15. (s) Striated cube of Pyrite; (^1 SixUted crysial 
of Qjtana. 

tnultimdes of minute cavities with rounded boundaries 
or with the same shape as the enveloping crystal (then 
referred to as ‘negative crystals’). Qjiite commonly the 
cavities are partly or wholly InfUled with liquid, and 
many of them also contain mobile bubbles of water 
vapour, carbon dioxide, or some other gas which occupy 
the space created by contraction of the accompanying 
liquid during cooling of the crystal. Occasionally It is po^ 
sible (0 detect microscopic but perfect cubea of rock salt 
which have crystaUised out from the enclosing saturated 
solution of sodium chloride within the cavity, and it is 
on record that a remarkable crystal ofcalcite contained 
nearly a pint of water trapped within a spacious cavity. 




c» 


CHAPTER V 


THE INTERNAL STRUCTURE 
OF MINERALS 

MB/Mtty 300 y^ars have passed since Robert Hooke pro* 
vided the Am hint that the r^lor external form of 
crystals is related in some v/ay to their orderly internal 
structure, He demonstrated that by piling spherical 
musket shot in a systematic manner it was possible to 
imitate all the shapes exhibited by crystals of alum, 
Early in the eighteenth century Guglielmini discovered 
that when certain crystals are split along directions of 
easy fraecur^ or *cleavage\ they yield fragments that are 
essentially identical in thape. Thus crystals cf rock salt 
break easily into euUcal cleavage ftagmeois, and calcite 
splits along three constant directions into sinall rhombo* 
bedra (Fig. 16). Moreover, no xnalter what the external 
form of a mineral may be, its cleavage direcdmis remain 
unchanged. This &ct led the Abbd Hauy, the 'father of 
crystallography*, to suggest in t784 that crystals are 
built of isummerable minute solid blocks, each having 
the shape of the elementary cleavage figure, and that the 
various &ces of a crystal result from alternative ways in 
which the individual blocks ace stacked. Hauy’s explan¬ 
ation cf the shape of a ‘dog-tooth* crystal of calcite is 
illustrated In Fig. j 6. The uniform cleavage cbocobs are 
shown stacked closely together. If they are visualized as 
being octremely small thdr step-like arrangemeot be¬ 
comes imperceptible even under the microscope and the 
complete crystal appears to have perfectly smooth &ces. 
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With ihe advene of Dahon's aUnnic theory, during^ the 
opening yean of the oineteeath century, Hauy's pre* 
scient concept was superseded by the idea that matter 
consists of groups of atoms Joined together to form mole* 
eules. Hauy’s solid blocks v/ere then repiaced by potou 
utuated at the various comers, the points represeDtirtg 
the portion of atoms (or molecules) or the centres of 



i6. IDog*tooth* Fig. f 7. Orthorhombic Space 

Crystal of ^kiie. Lattice, 

built up of snail 
cleavage rhombs. 

groups of atoms. Such an amogement of points results 
in an open thiee'dimensional network, known as a 
‘space-lattice’, and by linking the points by imaginary 
lines the lattice can be divided into identical Smit celb’, 
as depicted in Fig. ry. The particular lattice shown la 
orthorhomlne, since the sides of the cells are unequal and 
the angles between them are all 90*. It is now known 
that all crystal faces are parallel to possible planes of the 
space-lattice, and that the dominant faces are usually 
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those conteioing the greatest number of points (atoms) 
ui a given area. 

Each ceU in the latiice is a complete unit of pattern, 
which is repeated again aod again in building up the 
crystal | and each one represents the smallest part of the 
crystal that pcaseases the characteristic properties of the 
complete crystal. 

In 1850 the French physicist, Brav^, demoiutrated 
that only fourteen types of space-lattice are possible, 
their symmetry corresponding to that of the normal 



11 

lln 

1 

Ig^B 

Si 






(«) 


(b) 


(f) 


Fig. td. (s) Siinple Cuhlc Lattice; (i) Body^entred Cu^ 
Lattice; (r) Face-centred Cubic Laidce. 


classes of the six crystal systems together with that of the 
risombohedroo. Three of the lattices, shown in Fig. i8» 
possess isoaeiric (cubic) symmetry. ZcwiJl be noted that 
in addition to the ample type with points at the comers 
of the cube only, there ace also lattices in which extra 
points occur at the centres of the cube {'body<entred'} 
or at the centres of the factt (*£aco<entred’). 

Bcavais* geoaetrica] theory of crystal structure was 
later ecieoded and elaborated, but visible proof of the 
space-lattice was not forthcoming until 191a, when Laue 
of Munich, in attempting to determine the nature 
of X-rays, tried the experiment of passing these pcn> 
native rays through a stationary crystal of sine blende 
<^)halerite) and on to a photographic plate. He had 
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cooCftved the idea that if the wav« 4 englh« of X-rays, 
which are about io,ooo times shorter than those of visible 
light, were roi^hly comparable m magnitude with Che 
spacing between parallel atomic planes io the erysttl 
lattice, then scaticring (diffraction) of the rays would 
result. When developed, the photographic plate revealed 
a regular geemecrical pattern of spots suirounding ar> 
intense central spot caused by the direct beam of X-rays. 
Such 'Lagephotographs' (Fig, ID, o) aree^citLy useful 
ic determining the symmetry of crystals, which is re¬ 
vealed by the arrangement of the spoO. Each spot is due 
to the ruction of rays in phase by a particular series of 
parallel atomic planes, and the disposition of the spots 
is dependent upon the orientation of these planes and, 
consequently, of possible crystal faces. Moreover, the 
jpois vary in intensity, the darker ones usually represent¬ 
ing the commoner crystal face along which the atoms 
are most densely packed. 

Laue’s classical experiment heralded the opening of a 
new branch of science, that of crystal chemistry, which 
aims at interpreting the physical and chemical properties 
of any substance in lema of its crystal itrucnire. It has 
led to a more profound underslanAag of the properties 
of minerals, and to a revised and more scientific mineral 
classification. 

Other metboda of employing X-rays in the so^y of 
crystal structure were devised soon after Lane's piooee 
inveiigation. In this country in 19x3, Sir W. H. Bragg 
and hb son, W. L. Bragg, established for the firtt dme a 
means of determining the exact spacing of the atomic 
planes in a crystal of rock salt, by using monochroi^tic 
X-rays (predominantly of one wave-length) in conjunc* 
don with a gas-filied ionuaiion chamber, Their method 


46 UINERALS AND UINERAL DEPOSITS 

yields quincindve resulu of a order, but is 00 
UboHoue thAt it is now reserved for panieulftrly dilTicuIc 
probieou. 

Prob*Uy the most powerful single method of invesli- 
gating the icrueturtl constants of crystals as the nulm 
mtihed, devised by Sehiebold in 1946. A imaU crystal or 
crystalline (ragraent, preferably less than a millimetre 
across, is placed in a narrow horisontal beam of mono¬ 
chromatic X<ayi and is rotated about a vertical axis. 
The diflracted beams are recorded photographically on 
a plate or on a cylindrical film, the axis of which coin* 
ddes with the aws of crystal rotation (Fig. 19, c). As the 
crystal revolves, one series of atomic planes after another 
comes Into the proper position for reflecting the radiation. 
From the resulting photograph it is possible to calculate 
the atomic spacing along the axis of rotation, so that by 
taking three appropriate pictures the dimensions of the 
unit cell can be determined. Various modihcations of 
the rotation method are now practised, and instead of 
rotating the crystal throi^h a complete revolurioa it may 
be oscillated back and forth through a chosen angle about 
tome prioelpal crystallographic direction. 

In the so<alled pow^tr mtOiod, now more widely used 
thao any other, the erystaliine material to be cumined 
is crushed to lueh a flne powder that the minute frag* 
ments have a random or chaotic orientation. The pow¬ 
der is either leaded into a capillary tube or moulded with 
an adhesive into a thin cylinder. A narrow beam of 
monochromatic X*rayj is then directed upon the aggre* 
gate, and a diffraction pattern such as that shewn in 
Fig. 19,is recorded on a cylindrical photographic film. 
The powdered gralzu are so numerous that representa¬ 
tives of every atomic plane in the crystallloe material are 
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pncticoliy certain to be in the correct position to 'reflect* 
(he X-rayt le ts to produce ehtraeieruile lines on the 
Aim. Etch line thui conoponds to a deAntte atomic 
plane and consequently to a possible crystal face. More* 
over, every crystailine mineral yields its own typlca] 
arrangement et line, which provides a ‘finger*print' 
method of Identification. In the ctM of Isometric, tetra¬ 
gonal, and hexagonal minerals it la uiually simple to 
determine their internal structures from their respective 
line patterns, but for other mineratj there are consider* 
able thfScuUles of Interpretation to be overcome. 

The powder inclhod is especially valuable in identify¬ 
ing 6nc-grained minerals and grains devoid of crystal 
faces, and in favourable circumstances even mixtures of 
minerals can be distinguished and their quantities roughly 
esrimated. Tor purposes of Identification it suffices if the 
photograph of the unknown mineral can be matched 
exactly by that of a known species. 

ExampUs Anxlytis. The number of different 

types of crystal structure among minerals is large, and 
only a few examples can be mentioned. One of the 
siiJiplest structures is that of camnsa ssU, Ulustraicd in 
Fig. ao. Here the sodium and ehlorine atoms {strictly, 
ions) are arranged alternately at the eornars of ■ set of 
cubes, the atoms of each ktrvd alone forming a fac^ 
centred cubic lattice. Actually the chlorine Ion in salt is 
nearly twice as large as that of sodium, and If we imagino 
their spheres of InAuence to be in contact, the internal 
structure is more accurately represented by Fig. 90 , b. 

The dicnond structure was one of the first to be in¬ 
vestigated. This ffiinera], compoeed wholly of carbon, 
forms crystals belonging to the isometric (cubic) system. 
Its structure may be described as coowHng of carbon 


Fig. flO. Common StJt (Sndlum Clit'>ride); blnoV ditlM 
rcproeut mKum 'vionia' m>d (lie linllow ones cMoriae 
*Atorm'. 

9$ showo by the blank circles. Bach carbon atom is sur¬ 
rounded by four other carbon atoms situated a( the 
corners of a tetrahedron, and the manner lo v/hich they 




.a c*"'"'.v.'**. •> 


Pig. as. Structure of (a) Diamond, and ( 4 ) Orapinte. 

are all linked together it Indicated by (he dotted Unea in 
the inustratioa. 

Id graphib, another crystallised form of carbon, the 
atoms are arranged In parallel layers, those in each layer 
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fonninff a hcxAgontl network, »o 6»t the whole Jlnicww 
resenbles » honeycomb (Fif. si, i). The diatAnee 
betweea Atomi in tbe lAine Isyer u leas ihAC hslf the 
mterviJ between fueceiritfc It yen, pArtlW to which 
f rtphiie ctn be iplit with etae. The mtrkod con- 
treat in phytictl properliei between theae two forms of 
ctrbon, ditmond tnd graphite, is clenrly reflected in 
(heir widely diflerent internal iiruetura. 

During tbe pt$i thirly yean remtrkthle progreu hot 
been made in X-ray analysis, not only of minerals but 
also of metals, alloys, ask! hosts of indonrial materiaU, 
and many fundamental relatioruhips between their 
ioiemal Rnicture and thur physical and chcfnical 
propertia have now been clearly revealed, 

Th /fatun ^Aumie Bmding in Maural:. In common 
with all other natural objects minerab are composed of 
one or more of the ninety-two simple chemical substances 
known as elements, which may be broadly claauiied into 
metab and non-meiab. The smallest portion of an ele- 
tnent that can enter into chemical combination to form 
a compound is the atom. Why nme of the elements are 
very active in forming compounds whibt a few are inert 
and refuse to unite with others remained a mystery until 
about thirty years ago, when the Rutherford*Bohr 
planetary theory of atomic structure was propounded. 
This theory pictures the atom as being easentiiilly elec¬ 
trical la construction, consisting of a pouiively charged 
hmvy nucleus surrounded by a number of revolving 
DCgatively charged light partkla or electrons. In a sense 
the tiay universea of the atoms are analogous to the solar 
rysiem with its planets arranged in orbits arouad the sua. 
The atom as a whole is neutral and has oo charge, for the 
number of poutive charges on the oudeus is exactly 
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couBterbfttftnced by the number of AttendAnt eIecuon». 
Practically the whole mtu of the atom Ue» In the nucleus 
•ad the 'otomie nuoibef* of an element coincides with 
the number of planetary electrons surrounding the 
nueleui. This number increaiei from : in hydrogen to 
90 in uranlumi eoch suecouive element in the ecntinuoua 
Kries dinering in structure from lu neighbour by one 
electron. 

The chemical and most of the physical properties of 
the various elements depend solely on the number and 
distribution of the external electrons io the individual 
atoms. These electrons are arranged in rings or orbits 
around the nucleus according to certoin strict rules. 
Some of the possible arrangements ere dqsleted diagram- 
matieally in Fig. ea. The ring nearest to the nucleus 
never contains mere than two electrons, the next ring no 
more than eight, the third eighteen end so on. Hydrogen 
has simply a single electron In the first ring, which U 
completely filled by the addition of a further electron in 
the ease of helium. In lithium, the third electron must 
be accommodated In the second ring and, in passing pro¬ 
gressively through the dements berylHumi boron, carbon, 
nitrogen, oxygen, and Auorlne, additional electrons are 
•dded to this ring until It is bnally filled with 1 eomple- 
ment of eight electrons In the Inert gas neoQ, of atomic 
number jo. The addition of one more electron calls for 
a third ring, which becomes progressively filled in passing 
from sodium to argon, of atomic number 18. 

With incj^ase in the number of planetary electrons 
tho*e In the innermost rings become more and mere 
firmly bound by the attractive Jbree of the nucleus and 
only the electrons in the outermost orbit are hdd loosely 
enough to be disturbed by the energies available Io 
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cbemic&l r<Aciion. It id lhe$e outer eleciroiu that are 
directly cooccmed with chemical change! and their 
arra&gemeiu holdj the clue to the formation of moet 
miner oil. 



Calcium 


Fig. ». £lee(repi« Slruciun of Atomt. ZMagrom ibowbf 
groupiog of eleceroat around aueleui. 


Every element wbeie outer ring of electroni ia com¬ 
plete iiolwayi inert and never/broueoapoundi. Helium, 
neon, and argon have complete outer ring! in their fint, 
Mcond, and third orblu respectively (jee Fig. aa). All 
that three elements ore inert gosea and their refusal to 
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tmiu with ether atomj remb the taherent subiUty of 
thdr electronic itructure. Thie suble configuration, 
however, can be attained by other elementi by die leai 
or gt\n of one or more outer electron!. An atom with 
only one or two electroni in iu outer ring easily parta 
with (hem to aehievo ftabllUy, whereaa an atom whoee 
outer ring is nearly complete readily ae^uirea enough 
electrons to fill the ring. Metals have few electroni in 
their outer rings, while non*metatj, such as oxygen and 
chlorine, have nearly complete outer rings. 

In the building of minerals there ore two principal 
ways in which the various atoms may combine so as to 
acquire the stability associated the inert gosci. The 
vast msdority of mineraU are formed by the combination 
of atoms resulting from the transference of one or more 
electrons {renn an atom having an excess over the inert 
gas structure to one with a deficit This type of bonding 
is k.town as iorrie and the atoms which become charged 
by this transfer are called ions, respectively positive or 
negative according to whether the atoms have lost or 
gained electrons. 

Let us examine the diagrams of sodium (Na) and 
chlorine {Cl), shown in Pig. as, two elements which com¬ 
bine to Aerm the ionic mineral halite or rock salt, con* 
silting of sodium chloride. We see that the wdium atom 
hu only one electron in its third ring, whereas chlorine 
has s, 8,7 electrons, one less than the stable argon group 
t, 8, 6. Chlorine holds tenaclouily to its outer seven 
electrons, while sodium’s lone electron in the outer orbit 
is loosely held. By mutual consent, as it were, the sodium 
leads its Dutermoat electron to the chlorine atom, both 
•toms being thereby left with stable configurations. This 
transfer obviously disturbs the previous electrical balance 
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of each Atom; by givwf up an eleciroo the aodlujn atom 
rdinqulihes neutnJity aod become a podtively charged 
ion (catioa), whibc the acquisition of an electron by 
chlorine cauMs it to beceme a negatively charged ion 
(anion). Since the two ions thus have unlike charges they 
attract each other and unite to form a molecule of sodium 
chloride, KaCl, as represented diagmmmaiically in 
Fig. 93. 




B)- + (©> 


$ 0 (Jiom ^ Chtorint 

fhuHttt ^ Colc/m ♦ f7twv/»s. 
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Sodium chiotido 

^ 

Caidum fluoridt 


Fig. eg. OlagraiB shewing formatien of Sodium CSiloride 
and Calcium Fluoride. Does represent eleciroiis of the 
outermmt ring; dreki iadieate rings with foil een- 
plement efdeceTOai. 


The mineral fluorspar, composed ofalcium fluoride, 
which commoaJy occurs in perfect cubic crystals, affords 
another simple illustration of an ionic compound. Cal¬ 
cium has twenty electrons arranged 0,8, B, d and fluorine 
has nine, disp^ a, 7 (Pig. ag). Mating reiuiu in the 
etldum atom losing Us two outer electrons, making it 
doubly positively charged, and by each of two fluorine 
atoms gaining a single electron so that both of them 
become aingly charged negative ions. The felicitous 
union of one caJelnm and two fluorine atoms thus pro 
duces a neutral molecule of calcium fluoride, GaF„ and 
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{b the mineral fluorspar each calcium cation U counter¬ 
balanced by cvvo fluorine aoioA]. 

Some minerab posses a diflerent type of atomic Unb- 
ag:e, kaown as the kmop«lar or like-ended bond, which 
results from the sharing of electrons between atoms whose 
outer hn^ are incomplete. Thus two hydrogen aeomj, 
each with one electron, may urute to fhrm a hydrogen 
molecule with the stable structure of the Inert gas helium. 
Similarly in Auorine {a, 7) each atom lacks one electron 
to achieve the neon itructure (a, 8), so that when two 
fluorine atoms combine by sharing a pair of electrons 

:©• + •©: 1 .:©:©: 

• • » 4 > • • 4 • 

7^ atmsotnuorfne] FluoHnt 

Fl|. 34. Diagram illuiirailng the Hoenopolar {elecuoo 
pairj Ueetd, 

they form a moieeule with the stable conflguration of 
aeon, ai depicted in Fig. 34. 

A perfect example of such • homopolar structure in 
minerab b the diamond, composed entirely of carbon 
atoms. Each of these atoms has six electrons arranged 
a, 4 and thwefore lacks four electrons to attain the stable 
neoB itnicture. In the diamond thb arrangement as 
achieved when every iadividual carbon atom is joined by 
homopolar bonds to four other carbons, the distance 
berween any pair of linked atoms being the same (see 
Fig- ai, a, page 49). 

Finally, a third type of anteraionle bond, known as the 
mudlU bead, b effected in the case of metab by the 
removsd of electrons from identical atoms, each of which 
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bus M excess of electroos. Here che freed eJectrons 
behave like a fluid which envelops the ag^re^ce of pc«h 
five meullie eations and flows as a current under the 
influence of an eieetric fleld. Pure metals are compara* 
(ively rare in the mineral kingdom, though locally, aacive 
gold, silver, platinum, and copper are sufficiently con¬ 
centrated to be worth winning. 

We may summarise by stating that most minerals have 
the Ionic type of bonding, in which the interalomie bind, 
ing force consists of an attraction between oppositely 
charged ions. All the siJlcaeei, oxides, carbonates, 
sulphates, and pliosphates are built in thb way. The 
metallic type of bonding Is characteristic of the native 
meullie demenu and perhaps of a few sulphides, and 
among the limited number of homopolar itruelures are 
the diamond and eeruin sulphide minerals, 

Jn^UfKt Sia in Ifu Suildini ^Miwnlf. With 
the exception of the inert gases, such as hdiun and argon, 
whose alectosn rings are con^Iete, every atom is capable 
of becoming ionixed and made chemically active by 
acquiring an electrical charge os a result of gaining or 
losing electrons. When two ions approach each other 
strong repulsive action is suddenly set up when they are 
a certain disunce apart, and closer approach is then 
prevented, It is thus convenient to picture the ions as 
spheres, etch particular ten baviog lu own characteristic 
radius. We now realise that in the formation of cryiial- 
Unc mmerals the siae of the constituent Ions and the 
magnitude of their electrical charga are of paramount 
importance. 

Only those ions which are of an appropriate sue can 
cater crystal lattice during the growth of a mineral. 

If two ions have almost the same radius and their charges 
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(i.e. valence) are the same, then either ion can readily 
take the place of (he other In the crystal structure without 
senoujly disturbing; its form. Even if ions of compatible 
&2e possesa unequal charges they are still mutually 
replaceable, provided the electrical balance of the crystal 
lattice can be restored by eoneomiunt substitutions 
omong other dllTerently charged ions. Minerals are «eU 
dom simple chemical compounds, and the fact that most 
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species vary somewhat in composition is due largely to 
ioierchange between difTerem Ions of similar size which 
act as proxy for each other in the crystal structures. 

The relative size of certalo selected ions which com* 
mooly occur in rock-forming minerali ts listed lo Table 1 , 
and depicted In Fig. bj. 

As the sizes of the various ions are known it is often 
possible to predict whether any particular element is 
likely to be present in this or that mineral. For example, 
since the divalent nickel ougnesiura ions have 
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Tabu 1. EmcTivB Radu op SsLecree Xoks 
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Radii of the lonaartmaarurod In inotwra uniti (ro** em.^. 

ftl***** ®'' '*’« (val««) are denoiod ihu: Cailoai, 

ag. Ai'*; Aiuow, ag. O'*. 


practically the same radius, nickel can readily projcy for 
magsesiiun in ciysialj of magnesium silicate without 
distorilag the lattice structure; and in the minerml zbc 
blende a proportion of the eine can be replaced by 
ivalent ferrous iron. The dose sjmilarity in the aiza of 
awi and cobalt ioos likewise accounts for their frequent 
iciimaic assodatioo in many minerals. Inihe case of 
Bluminiuin*bcariag minerals it has been estimated that 
they all contain about 50 to 100 pn. of the rare element 
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ganium to oacb ton of aluminium. Theaa two ions pos* 
teas the same valency and approximately the same radii 
and are therefore readily iatercbanfeable. These factors 
also account for ibe incorporation cf rubidium and 
(halUum ia potassiuns^rich minerals, and of the rare 
element bafnium in sirconium'bearing minerals. 

With similarly charged ions of nearly equal slzci the 
smaller ones are preferentially the first to enter the cryatal 
lattice. Thus, In the case of msg:neslum (Mg*'*', 0*66 A) 
and Iron (Fe^, 0*74 A), ions of the former are ecncen* 
trated in rock>forrning minerals during the early itagcs 
of crystallisation, the amount of iron increasing pro 
gresaively with falling temperature. 

Another significant rule a that if two ions have approx¬ 
imately the same radius but difTercnt charges (of the ume 
sign), then the more highly eharged Ion has prior admit- 
unee into the crysul structure. Tor insUnce, among 
minerals rich In divsdent magnesium (Mg*'*', o*$6 A), the 
early formed varieties frequently contain trivalent 
scandium (Se'*, 0'8i A) and the later ones often Include 
much monovalent lithium 0 68 A). In a similar 
way the trivalent rare>earth element yttrium (Y*^, 
0'99 A) is commonly found among early calcium*rich 
minerals (Ca**, o>9d A), the later varieties being often 
characterised by abundant monovalent sodium 
0<d7A). An outstanding example of the operation of this 
rule is provided by the felspars, the commonest of all 
roek-formiog minerals, for the calcium varieties (Ca‘+, 
0'9P A) nocmally precede thesedlc (Na**^, 0*97 A) during 
the course of crystallization, and early crystals of potash 
felspar (K*+, 133 A) are often notably rich in divalent 
barium (Ba**, 1.34 A). 

These few examples may serve to illustrate the funda- 
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menul inp«nAnce et l<mic size uid ihe mAgnitude of 
(heir eleetrosmic charges or vulmces in regulating the 
distribution of the elements in minerals, and in coniroU 
Log the sequence of cryitstllisailon among members of 
the same family of minerals. 

Tht Stmturt ^ SUie^U MimrcU. We have mentioned 
that the roehi which compote the earth's crust contain 
in the aggregate about 47 per cem by weight of oxygen, 
fl8 per cent of silicon, and B per cent of aluminium. 



Fig. a6. A Tetrahedral group of Oxygen Atoou around 
Silicon (SiOJ. Id id) the ateeu are asumed to be 
equal size, so as to darify their rdaiive positions; in W 
aod («) ibe SiO« tetrahedron is shown in plM and 
eievaiieB, the opM circles representing oxygen, the small 
shaded circles silicon eiosu, in epproxunaie relative 
lizfii. 

Not only is oxygen the most abundant element, but its 
role in the building of mioerals is of paramount impor- 
taoee. The bulky oxygen anions cluster round the 
cations, such as silicon, aluminium, and Iron, grouping 
tbemielvce as regularly as possible. Moreover, a charac¬ 
teristic number of oxygens surrounds each particular 
catiofi; the icoaller the cation the fewer in general is the 
number of envelopiog oxygens. Silicoo, for instance, is 
usvariably surrounded by four oxygens arranged at the 
comers of a regular tetrahedron (Fig. 96), whereas 
magnesium and iron are tyincally situated at the centre 
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of ft group of six oxygens spaced at the corners of an 
ociahedfon. Aluminium may form the centre of a tetra' 
hedral group of oxygens, or it may occur within ecta- 
hednl groups. The large cations, lueh as sodium, 
potasium, and calcium, are too big to be fitted in either 
of the groups just mentioned and are accommodated in 
roomy, often irregular, cavities In the crystal structure, 
surrounded by seven to twelve oxygens. In tbe words of 
Sir W. L. Bragg, a pioneer in the exploration of the 
mineral world X-rays: ‘the tetrahedral and octa¬ 
hedral groups are the fundamental units of pattern, the 
stitches of which the mineral fabric is composed. All the 
common raineraU, however complex their patterns, are 
a framework of these tetrahedral and octahedral groups** 
Well over 90 per cent of the earth’s crust consists of 
niicate mloerals, which comprise nearly 40 per cent of 
the common minerals and about a quarter of the total 
number of all the known minerab. They include such 
well-known species as quarts, febpan, and micas. 
Investigation of the silicates by means ef X-rays has 
enabled them to be classified Into a few clearly dedned 
groups according to the arrangement of silicon and 
oxygen ioni. The fundamental unit of structure of all the 
silicates is a tetrahedron built up ef a silicon ion ia the 
centre and oxygen ions at the four comers. Six principal 
greupi of silicates arise from the different ways ia which 
these SiOt tetrahedra are related to each other, for they 
may exist ai independent units or be linked together in 
various ways. On account of the strong electrostatic 
forces binding oxygen to the silicon ions tbe tetrahedral 
framework constitutes tho hardest part of a mineral, aad 
the architectural style of dlicate mkierals is dominated 
by the a^anner in which the linkage of the tetrahedra as 
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enec(«d. The building of these minerals is completed by 
the uiciuHon of metallic cations which serve to cement 
the SiO^ tetrahedral frameworks together. 

The six chief lilicate froups are, briefly: 

1. Sfparau SiOi in which the tetrahedra are 
net joined directly to each other but are bound tofelher 
by Intervening catlonii luch ai magnaium and iron. 
Since the SiO^ group has four exceu negative charges, 
two divalent cations or a single tetravalent cation are 
necessary to balance or neutral¬ 
ize the structure. Thus minerals 
such asforsterlte, MgtSiO|, and 
zircon, ZrSiO^, may be de¬ 
veloped. 

a. flihg^fruf/ttrer.c.g. Sj, 0 ,„ 
In which the SiO* groups arc 
not independent, but arc united 
through common oxygen ions 
in the form of a ring (Tig. ay). 
Pot iastaoec, in (he mineral 
beryl, fi<^|Si«0„, six silicon 
groups are linked In hexagonal 
rings which are stacked verti¬ 
cally in honeycomb fuhlon and bound together laterally 
by Be** and Al** ions. 

3. Si/tiU Chain itnetvu, Sj, 0 «, formed by linking the 
tetrahedra comer to eorser in an endless chain, each 
tetrahedron sharing an oxygen with Its neighbour 
(Fig. fl8, «). Such a chain structure ii charaeterutie of 
(he pyrostene group of mtnerab, including ensiaiite, 
MgSiO,, and diopsidc, CaMgSi, 0 ,. The strong chains 
are arranged parallel to the vertical axis of the minerals 
and are bound together sideways by metallic cations. 



Rg. a;. Si, 0 „ Ring 
Latoce; blsck dots 
r^esent dlicoa, opea 
cirdei oxygen amsu. 



Pig. 40 . Slllate L*tUc«* in P/roxene* Arid Ampblbdla. 
BlAck doti (epreteot lilicon, open drcia Oxy|en atonu. 
(a) Sin^ cWn imcRin, 0i|O|. <hanci«rbi<e of 
pyroxenea; (1) Sinfle chain, cad view^ (<) Double chain 
iinieture, chaiactouac of am^lboln; (d) 

Double chain, old view; («) and Scacbnf of itnpe 
and double chaina reapecn>^, >vit!h reauiUnf eJeavafe 
direciioQS, ahowo by hnvier luies. 

6S 
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Splitting or cluvAge directions in these ixiinenls lie 
between the chAinti u illusirnted in Fig. 98, tt inter- 
leeting ftliriMt at right engla. 

4. Deubk Chdn stmturut SUOn, in which two single 
chnini tre jmned together tide by side, ^ving a silicon: 
oxygen ratio 0^4: t: (Fig. 38 , s). Poubie chains of this 
type are characterlaiie of the various acnphiboJes, 



Fig. 99. Sheet laniee, Si.O,». Black deu represeat lillcoo, 
open circles oxygen atoraa 

including tremollte, Ca,Mg|(Si«Oit)a(OH)a, the cbaim 
being alioed parallel to the venieal axis of (he minerali 
and linked laterally by cations. Cleavage directions 
again avoid cutting through the chalai, as shown by the 
heavy lines in Fig. 98,/ and intomci at 114*. 

S. Shut uruewts, SiiOjA, arise when the tetrabedra 
are joloed to neighboun by three corners and extend 
Indefinitely in one plane as a hexagonal network (Fig. sp). 
This arrangement is typical of the micas and other flaky 
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minerals such AS tale, M£aSi«Oi»(OH)a, and the so 
called day mineraU, and is directly responiible for their 
pseud»<hcj(agODal lyremetry and for the highly petfecc 
cleavage which runs parallel to the sheets. The individual 
tetrahedral sheets are piled one above armther and are 
cemented together by soetalllc ions and (OK)«groupa. 

6. Thne-Jimtiuivtal /reintworks, SIO„ ia which each 
tetrahedron is linked to its neighbour by all four comers, 
so that every oxygen is common to two tetrahedra. The 
various forms of «lica, SiO, (e.g. quartz), are of this 
type, the tctrabedra consist ing solely of tllieoo and 
oxygen ions. In this particular caao the valency nile is 
satisfied, for the positive charges on silicon are exactly 
balanced by the negative charges on oxygen. In ouny 
minerals, however, trivalent aluminium rcpiaca telra- 
valeoc silicon within the tetrahedral groups, so that they 
bccocne negatively charged and must be neutralized as 
regards valency by the incorporation of metallic cations. 
Thus, if one quarter of the uUcon Ions are replaced by 
aluminium the radicle SIO» (which may be written 
Sj|Ot) becomes AlSi^O^, with a negarive valence of one, 
which is satisfied by the incoming of potassium, as In 
orthoclase felspar, KAlSi»0|, or by sodium, as In albite 
fobpar, NaAlSi|6«. If half the silicons are exchanged 
for alumioium the radical then becomes Ala5i|0|. and 
the resultant two negative charges may be balanced by 
divalent calcium, as in anorthite felspar, CaAl^i)0«. 
The large cations potassium, sodium, and calcium are 
conveniently lecoRuaodAted In the open spaces within 
the tetrahedral frameworks. 

Not only may silicon be replaced by aluminium In the 
various typa of framework, but among the cemeotlng 
catiofu aluminium may be eaxhanged for ferric iron. 


66 UINSRALS AND MINERAL DBF09IT$ 

augiaeuum Tor ferrotja iron, oiclc«l for lithium, c»lcium 
for iodiuTD, potassium for barium, etc., tho changes being 
reflected by concomitant variations in the physical 
pr^>erties of the minerais. 

The paastge from the comparstively simple structures 
associated with separate Si 04 tetrahedra to those of 
three^imensionsl frameworks usually involves an 
increasing complexity and a looser packing of the mineral 
fibric, and is in general aecompanird by decreasing 
density and diminishing refractive index of the silicate 
minerab. Moreover, minerals of simple structure, such 
as olivine (Mg,Pe)|SiO«, tend to crystal lize out from 
molten magma at higher temperatures, and as cooling 
proceeds they are followed by silicates of successively 
more complex pattern, quartz (SlOt) being one of the 
latest to form. 


OKA»T*R VI 


THE PHYSICAL CHARACTER OF 
MINERALS 

Tift NATtmt And trrtnfcm«nt of the ttonu in t mineral 
determine ooc onl/ its cryitalline <brm bui also iu 
physietl characters, such ai hardness, density, cpiical 
properties, and abllky to cleave in pertieular directions. 
These characters ore of the utmost importance lo* the 
identUienLioa of minerals, for they usually enable us to 
recognise most of the common species at sight or by means 
of simple tests. Only a few of tlte many physical charac' 
ten of minerals can be singled out for description here. 

Cohur is one of the most attractive characters of a 
mineral and usually the first to be observed. For many 
minerals, especially those of cnetalilc appearance, cdour 
is of great diagooiTte value, but in many cases it is not 
a constant and reliable feature and must therefore be 
used v/ith caution. The blue of aaurlte and green of 
malachite (carbonates of copper), the pale brass*yellow 
of pyKte (iron sulphide), and the red of copper and 
cinnabar (mercury sulphide) ate examples in which the 
colour of the minerali on fresh surfaces is ‘Idloehromatle*, 
for the eolouring is an inherent property due to the 
essential presence of a pigmenting element. On the 
ether hand, *allochrcmatie’ minerals may display a 
bewildering variety ofnon^isentiai colours which result 
from the presence of colouring matter in the form of 
impurities or inclusions. Thus, fiuorspar can be colour* 
less, green, yellow, white, rose pink, blue, brown, or 

fiy 
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purple as in Derbyshire *BIueJcbn\4nd a single cryslsJ 
may show bands of dlfTerens colour or be timed in 
irreguiar patches. Cbiartz exhibits a similar wide range 
of colour, ill varieties Including colourless pellucid 
rock crystal, violet atneihyst, golden yellow citrine, red 
jasper, and roM quarts. 

The colour displayed by a mineral depends upon the 
nature of the light which it absorbs or reflects, A white 
mineral reflects or transmits all colours of the spectrum 
equally, a red one absorbs all colours except those which 
togetber produce the seosation of red, ami a black one 
absorbs the whole range of spectrum colours. The 
coloty or 'transmission colour’ of a mineral is thus due to 
selective absorption of the light which enters it, A euble 
mineral normally shows the same tint for a particular 
thickness In whatever direction it is viewed, the colour 
beiog independent of the direction of propagation of the 
light. A coloured mineral belonging to any other 
crystal system, however, may appear variously coloured 
when seen by transmitted light in different directions, 
owing to diflerences in leloctive absorption as the light 
travels along alternative paths. Tor ecample, tourmaline 
may be almost blade when examined in one directloo. 
whereas acrosi tbis directioa it may be brown or green; 
and the gemstone eordleriie, or water^pphire. Is dark 
violet, clear blue, or straw.yellow when viewed In three 
differeftt dlreetioni at right angles. 

Chemical eompoutloa has a profound eflect upon the 
colour of minerals, vdtleb ii commonly due to ao intrinsic 
pr^erty of the atoms or ions. It is impossible to differ* 
eatiate clearly between coloured and cclourleai elements, 
for seue elements fonn both coloured and colourleat ions 
and otben, which are colourless In one state of valency, 
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cxhibii Strong colour in nnothcr. We cAit $ay, however, 
ihot Rwong the colourlco iow ere tboie of elummium, 
•odium, potassium, calcium, megnealum, and barium, 
and that coloured ioni are thoie of the ao<all«d tran* 
Htioxi eleraenu, including tiunium, vanadium, chro¬ 
mium, manganeie, iron» cobalt, nickel, and copper 
(atomic numben os » 99). The powiion which an ion 
occupies in the cryilol lattice is of great iroportonce in 
connexion with colour, for the light absorption of an 
ion depends partly upon Its surroundings- Thus, the 
pink cobalt ion is surrounded by six oxygens, whereas 
the blue one has four. Di ITeroni Slates of valency or ionic 
charge of an element also result in variations in colour. 
In its ferrous condition iron is sometimes responsible for 
green coloration, whereas io the ferric state, iron ofter\ 
cpcaio a yellow, brown, or red colour, and the simulta¬ 
neous presence of ferrous and ferric icos frequently 
produces a deep shade of blue or green. Iron is uo- 
doubtedly the chief pigment in the colour-box of riatare, 
and the varying ratio of ferrous to ferric iron in minerals 
if accompanied by concomitam changea in their body 

colour. . . j 

Among the gem-sioncs the deep red of spinel and 
true ruby, and the green of emerald, may be aKribed to 
the presence of small quoniili« of chromium. The 
crimson of certain gamcis and the red of camelian is 
doc to ferric iron 1 the purple of amethytt is atirlbuttble 
CO traco of trivalent manganoe, the green of amaaen- 
ftone pcwibly to niWdium, and the blue of lapphixo— 
a precious form of corundom-4s due to minute amounts 
of tiunium. When pure the mineral zinc Weode or 
sphalerite may be almost white, but with progresaive 
replacement of its line by iron h changes through yeUo w 



70 MinSRALS AND MiNKftAL PDPOSlTS 
10 brown end ihoa finally to black when the content of 
iron reaches about 19 per cent. In two of the otoat 
abundant silicate s^oupa, (he pyroxenes and amphibolea, 
the calcium and magneiiurn varieties are virtually white, 
but with increasing amounts of iron they range in colour 
from green to black. 

It ii generally admitted that the colour of mlneraU ii 
primarily due to a field offeree, chemical or electrical in 
nature, which is not completely saturated or balanced. 
Strong and uniform binding forces between the atoms 
favour the transmission of light, whereas uruaturated 
valerveies or feeble bonds favour the absorption of light 
and cause a deepening of colour. Two carbon minerals, 
diamond and graphite, illustrate this fact. The diamond 
is usually colourless owing to the strong linkage between 
all its carbon atoms and the highly synunetrical eleco^ 
autic forces within Its lattice ^graphieo, on the other hand, 
is black because the bonds between its carbon atoms are 
not of uniform streogch, the links between suecesaive 
parallel sheets (Fig. 91,6, page 49) being weak in com* 
parison with the firm interlinkage between carbons 
lying within the ume sheet. It is true that many dia¬ 
monds are dark, but this is generally due to slight imper- 
fectiom in the crystal lattice, though minute impurities 
may also cause discoloration. 

Minerals possessing intense absorption are said to 
show tvijatt Mtw, which ii due to the reflection of light 
of certain wavelengths from their luHhce. Such 
minerals reveal a different colour by refiected light from 
that seen by transmitted light. Typical minerals ex- 
hinting distinct surface colour are the native metals 
such as gold, ^Iver, and copper, together with many 
oxides and sulpbida which display marked metallic 
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luitre, induding: (Fe, 0 <), pyriK (F€St)» *ad 

gsUriA (PbS). Thio films of silver ere blue in iranuniited 
light, and goldleet Appears green or, when Ihin enough, 
even blue. It ii interesting to note that as the pnle^ 
coloured oAtive ntetAb are ground more and more finely 
their powders tend to become black, whereas the 
continued crushing of trenij>arenc coloured minerab 
eventually yields an almost white powder. 

Apart from the eolouring directly related to chemical 
composition, many minerals exhibit colours duo to 
peculiarities in thdr physical structure. In thb case, 
owing to the presence of lamellar inclusions, thin films, 
or minute particles ofien of colloidal dimenaions, the 
incident light b selectively refracted, scattered, or other- 
\yMe chan^ to direction of propagation so as to produce 
ei>lours. For insrance, partial reilection of light from the 
upper and lovp^r sur^ces of parallel microscopic plary 
indusioits accounts lor the iridescent play 0/ eolwri shown 
by the fdspar, labradorite. On turning the mineral it 
suddenly flashes with the brilliant metallic colours of a 
peacock's feather, but on further rotation the felspar 
resumes its normal dull grey tone. Some minerab, 
notably the hydrated Iron oxide, llmonite, dispUy 
bright iridescent colours due to a thin surface film or 
coating, and the same effect may be produced in other 
minerab by reflection from internal fractures or cleavage 
cracks. When frahly broken lurtaces of certain minerab, 
including the eopper'lron sulphides, ehalcopyrite and 
boroite, have been exposed to the atmosphere, they may 
rapidly acquire quite difTcrent colours due to a lanisk 
caused by thin oxidized films. 

The rapid and beautiful change of colours shown by 
precious opal in refiected iigb t is generally attributed to the 
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iaierfctence of r*y» M ch< $urf»c< of fine Cf»fllu infilled 
with opaline materiel having a elighil)' different ind« 
of refraction to that of the Burrocnding opal, probably on 
account of unequal water content. Th«e apectacular 
eolour* are net ewcntlal properliea of the mineral, for 
if It ii viewed by trarumiticd light it loeb like common 
opal> milky or pale yellovs^h and iranaluccnt. Incident, 
illy, certain c^que opals exhibit prismatic coloun 
when Imtnrned In water, after the liquid haa penetrated 
into the minute cracb In the stone. 

In molhef.of.peacl or nacre, the irid^ence ia due 
largely to intoference of light in the thin overlapping 
layert of calcium carbonate (aragonite) which line the 
inside of the shell. 

Moonstone, so called because of its bluish moon-Uke 
opalescence, is a potaab felspar eomaining microscopic 
parallel lamellae of the soda felspar, albite. It owe its 
attractive colour to the reflection of light from these 
minute Indusions which have segregated Irom the boat 
feltpar during its cooling hiatory. Aiiother felspar, 
oligoclase, U called sunstone when itooniains abundant 
delicate flaktt of the reddish iron cwde, hcmaiiie, which 
impart a golden shimmer and sparkle to the mineral. 
Colouring in certain minerals has recently been attri¬ 
buted to the iacluilon within them of minute particles 
of colloid dimensions which cause scattering of the 
jpeident light, the roulting colour varying with the 
panicle siae. Investigations have shown that the irans* 
.lucent blue, pink, and reddish-brown tinu of rock salt 
and celesiiw (SrSO.) may be due to the presence of 
of colloidal gold. 

Although a mineral may display a wide range of colour 
due to the presence of pigmental impurities, the colour 
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of iu fine powder, known u iu sir»^. i» prtCtioJIy coq- 
ThiJ ewntUI prcpcriy, which Ij of considerable 
difcgno«ic volue, can be convemenily determined by 
cruihing the mineral on a sheet of while paper or by 
rubbing it on a pi«o of white unglaaed porcelain. The 
streak may have the lanw colour as the mineral m mau, 
but it Is often quite differeni. Moreover, minerals whose 
mass colour is practically identical may have dluirmlar 
streaks. For example, the three iron minerals hematite, 
llmoniie, and magneilw may all appear blackish, but 
their respective sireob are always red, yc llow-brown, and 

The native metals and most of the metallic sulphides 
arc opaifv. for they do not iransmii any light even on the 
thinnest edge. On the other hand, many minemls, such 
ai rock crystal (quart*) are so irentpaftnl that olyects can 
bo seen through them distinctly. Intermediate betv/ecn 
these two extremes arc the iranslucenl minertls, Including 
chalcedony, onyx, and jade, vduch trarumlt light but do 
not allov.' objeca to be seen through them. 

A property of great importance in the recognition of 
minerals is the lutn of their surfaces in reflected light. 
Opaque minerals, such as gold, pytite, and galena, 
which possess the brilliant appearance of a meal, arc 
Mid to have a mcialllc lustre. All other kinds oflustre 
are classed as nctumeialHc, and include such descxlpiivo 
types as vitreous or glassy (e.g. quarn), resinous (sine 
blende), silky (fibrous gypsum or ‘satin spat*), waxy 
(chalcedony), adamantine (brilliant diamond), and dull 
or earthy (chalk and china clay). 

Some specimens of fluorspar have the remarkable 
property of appearing pale green when viewed by 
transmitted daylight aod a plum-blue or bluish-violet 
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eoldur by r«Aecc«d This phenomenon* fLn( recog' 
ni£<d in fluorspar, is knovm as /tforcwnrs, and is mosc 
ipectaeular when the mineral is expoced to ultraAdolet 
radiation* X'rayi* or cathode rays. Fluoracent minerals 
absorb these invisible rays and traiurorm them into 
visible light of a longer wave-length. Probably all 
fluorcMene minerals are also {A^pfwtictnt, ibr they 
continue to glow aAer the exciting rays are cutoif, iliough 
in many casea the aAe(*g)ow pcnUti only for a am^l 
fusion of a second. 

Fluorescence is usually produced by excitation with 
ulLn-vioiei radi.Mion, which may be eonvenlendy 
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divided into two regions, knovm as long*wave U.V. and 
short-wave U.V, (Fig. go). For practical purposes the 
effective ihortowave range lies between 3*000 and 
ii8oo A.U. When testing the fluorescence of minerals the 
most convenient source of ultraAwlet light b the mercury- 
vapour lamp. Ceruin minerals are excited by long¬ 
wave, some by shoritwave, and others by both. Most 
fluorseent minerali exhibit only slight colour vahation 
throughout the whole range of U.V. radiation* but in 
many ipecimeni the colour emitted during fluorescence 
vanes with the wave-length of the ultra-violet rays. For 
instance, s ome cakites glow with a blue light for short¬ 
wave and pink for long.wave radiation, and the cunpiea 
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loineral, scheelite (CtWO^), normaUy fluoresces bright 
bJue in short*v;avc but responds only very feebly to long¬ 
wave V.V. Again, particular minerals may only 
fluoresce for a certain limited range of U.V. radiation* 

Xc must be emphasised that, apparently with rare 
exceptionsi fluorescence ii not a ecnitant physical 
character of any specific mineral, and it is leltiom 
exhibited by pure specimens. The phenomenon is 
almost invoriably clue to the fortuitous inclusion within 
the mineral of a metal impurity, such as manganese or 
copper, known as an activator. For this reason a U.V. 
lamp is not on iolallible means of mineral dugnosis, 
except in dte case of scKceiiie. Even iluonpar itself 
does not always display the phenomenon. Neverthe¬ 
less. in eercain localities partJeubr minerals are so com¬ 
monly fluorescent that the lamp ean be employed as a 
fairly reliable detector. Thus, at the Franklin Furnace 
mine, New Jersey, the ainc mineral willemlle nearly 
always gives a vivid yellowish-green fluorescence, which 
serves as a means of sampling ore specimens and of 
determining the amount of wUlemite present in the mill 
tailings. Other minerals which often, but by no means 
invariably, fluoresce are aragonite, diamond, and alne 
blende, whilst several uranium minerals, especially the 
phosphate (auiuiute), glow with a brilliant yellow-greeo 
colour. The prcKnce of mercury In a subatanee can be 
readily detected on heating beeause its vapour absorbs 
short-wave radiation and casts dertK black shadows on 
a fluorescent screen. 

In the United States, Canada, and elsewhere poriable 
U.V. lamps have been tvldely used within recent years 
in locating seheelite deposits and for examining under¬ 
ground workings in tungsten minea. During surface 
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prcspeeting, trenches opened up alon^ the outcrop of 
scheolite'boflrin; veins ore scrutinised ot night or be* 
ncftth L lorpaulin cover with the eid of e shori*wave 
U.V. lemp. At MID Gty, Nevedn, the bluish (^uoreecence 
of Kbeelite as turned to Advantage in examining the 
tailingi of concentrating plants and ibr showing up the 
mineral 00 picking belts. Ineidentaliy, it b now known 
that the fluorescence of Kheeltio changes from blue to 
yeUow as its deleterious content of molybdenuox in* 
creases. 

Fluorescence in minerals results when radiations of 
relatively low energy, such ai U.V. light, impinge on 
coeiallic impurities (activators), causing a momentary 
transfer of electrons from lower to higher energy levels or 
to orbits fhriKer removed from the atomic nuclei. An 
unstable condition is thus created, and alter excitation 
the electrons revert almost instantaneously co their 
origin^ level, releasing surplus energy In the form of 
visible light. In the case of phosphorescence the energy 
of excitation appears to be stored, the displaced electrons 
being teiaperarily froaen and subsequently released 
relatively slowly by thermal agititioa or otherwise, with 
the continued eauisioQ of visible light. 

Only brief reference can be made to the t^aciUh pvitr 
of minerals. When light passea from air into a raineral 
it b bent, or refracted, from its original path and ib 
velocity ii reurded. The amount of refraction b direedy 
proportiortal to the ratio between the speed of light in air 
and in the mineral. If the velocity of light in air is taken 
as unity, then the refractive bdex of a mineral b in* 
versely proportional to the speed of light travelling 
through it, Thus, if the index of refraction of a mberalb 
3 *0, light passes through it with half the velocity it has in 
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tiir. Etch Riui«r«l hAj its own characterUlic refractive 
uidcK, the determination of v/Uch affords an accurate 
end ready means of identification. Example* of such 
iadieo are: water i '93. fluonpar i 45, crown glau i 59, 
garnet (almandine) [<76, and diamond a'4a. 

Every mineral hai different refractive indices for 
light of different colour, the refractive index for red light 
being less than that for blue, and It is usual to adopt as the 
standard the yellow light of a sodium flame. Variation 
in refraction for different colours, known ai dupttfiMt 



Fig, $t. Colour-dirperdon in a brillUnt-cut Diamond. 

accounts for the splendour of the rainbow and the 'ffre* 
of a ^ted diamond. This highly prised attribute of 
the diamond is due to its extraordinary power of splitting 
up white light so that its component colours are widely 
dispersed, the index of refraction for red light being 
s<407 and for violet light a K btilUanKut stone ia 
10 fashioned that slight movementi of the diamond 
produce scintillating flashes of pure rainbow colours 
(fig. 31). In common with many other genvstortes of 
bi^ refractive index the diamond possesses a character* 
istie and brilliant adamantine lustre. Substances like 
glau or quarts, which have a relatively low dispersion 
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and index orrefr«ccion» abow little or no lire and lack the 
sparkling lustre of highly refractive minerals. 

In amorphous minerals, such as opaJ, and in minerali 
belonging to the culne lystetn, the refractive Index is the 
same whatever the direction of the incident light and 
its passage through the substance. Such minerals are 
said to be iscbvpu, or sOttfy fi/rstlinf, since a ray of light 
entering them travels on as a single beam, although 
bent from its original eourK. On the other hand, when 
an ordinary ray of light passes into any crystalline 
material not belonging to the cubic system It is, in general, 
split up into two rays which vibrate in planes at right 
angla to one another, as ‘plane polarised' rays. Each 
ray travels through tbe mineral with a characteristic 
velociry and has Its own separate refractive index. 
Since the angle of refraction dKTcrs for the two rays, such 
miserals are said to exhibic deubU refiaelien. This pbeno* 
menoa is best displayed by the crsnspare&c rhombs 
of calcite koovm as ‘Iceland spar'. If a circle or cross 
drawn on a sheet of paper is viewed thiotigb such a 
clear rhomb, double images appear, as shown in Fig. 
32,0. But when the mark is observed through the rhomb 
io one particular direction, namely along the vertical 
axis of the crystal, only 1 single image is seen. This 
direction is called the ^dc axis, along which light 
travels without being doubly refracted. Minerals 
crystallizing in the tetragonal and hexagonal systems 
have one optic axis only and are therefore classed as 
tfiioxiaf, their double refraction increasing to a maximum 
when light enters them at right angles to this unique 
sods. Orthorhoml^ monocUnic, and tricliaic minerals 
possess two optic axes and are consequently referred to 
as being biaxial. 
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EximiMlioo of the optkel pre9«««» minewlJ in 
grtira end io very thin •eeiioce unde* the mkrwcope, 
opeeiAlly with the ^ of pnleriserf lijht. enneliiulo 4 
hiBtUmenua brwKh of tninertJoty end ii of ardiflJl 
impori 4 ftee in the deaiJed nudy end doidficeiion of 
rocb. For the micrce co pfa invqdfetioo of tainwaU and 
rocb, they ere vMUf BBootbcd oa one wde end 
cemented to e kUsi dip by meeos of &nede BeUem, e 
gum which harden* on beetinc. The lubstanee* ere 
then ground down with eppropoete ebradve* to the 



Kff «. DouWeReftecbocioCeUiw. (•) A nngle crow end 
* Circle viewed throw* edotei (») 3ia|Je t*y *pht 
iotg two revs k, Mm pmdoc through aloie, «i«rg« 
a* reys e«. V- 


requited thirmeai, oortoelly ebout s® nricioo* (or A *“»•), 
4 ed covered with e thin gUs dip fixed with beliem. 
The fiaijhed thln*ectiwi to then rady for exeminetfon 
by ireiumitied tight, e procedure which efibrd* preetoe 
di*gno*tic Infoemetioo concemiGg meny of the opii«t 
cbencter* of the mineret*, iodudiag their refreedve 

indka eod the «fei^ erf their double refreciion. 

ere beet onmined by reflecied light 
efter their lurfoca hove bees gnMod tod thoroughly 
polished. lldi< 40 oro-odcroKope, wdiaory light or 
poUmsed light to reflected vertiaUy downward* on to 
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the jur&ce of the opaque mioeraU, from which it it 
ftfUcte<i to the observer'i eye. With thii insinment it £» 
pooaible to determine whether an ore^mineral belongs to 
the cubic lystem or net, to ascertain its degree of retlec- 
livity, and to decide whether iterystailized earlier or later 
than the accompanying minerals. Valuable diagnoitie 
criteria can also be gained by observing under the 
oiieroKope the effect of etching the polished surfaces 
with various reagents, and of scratching them with a 
needle. Further consideration of (he optical properties 
of minerals in thin and polished sections is beyond the 
KOpe of (his book, and the loierested reader is therefore 
referred to voluixua of a more specialized kind. 

In its strongly rr^gnetie character the blaek iron oxide, 
magnetite (FCiOJ, is outstanding among minerals for 
it is readily attracted by even a weak band magner, and 
its presence in deeply buried rocks can be detected by 
magnetometers. Moreover, certsdn specimens exhibit 
polarity, so that one part attneu and an opposite part 
repels the north pole of a compass.needle, and tf freely 
suspended they behave as natural magnets which aline 
ibemselves in a north*iouth direction under the Jnfiu* 
ence of (he earth*s magnetic field. Such specimens, 
known as lodestones, probably derive their polarity from 
a concentration of (be earth*! field at the ends of mag* 
retice orebodies or from the effects of repeated dis* 
charges of lightning. The iron sulphide pyrrhotite, or 
'magnetic pyrites*, is also strongly magnetic though to 
a much lesser degree than magnetite. Geophysical 
methods of locating eeneetled nickel deposits are often 
facilitated by the presence in them of abundant pyr> 
rhetiie, which can be readily detected by magnetic 
mstrumeoti. 
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B«tv/eeo th« ot m poweHiil «]eetronui£:neK the 
^ensM/wfu minenib Mrt »nncted *Ad the 

ooes &re repeUed. For esiMapie^ »U cempoundi 
of iron, inc2udin|f bemAtite, tidmie, ilmenite, cfareauie, 
Aad wolfrvn, ere pAramAfnetk, wfaerOLi calate »nd 
tireon m typkai diAtnAfiMiie minffili Ttui variation 
In the mafnecie ftwceptihclity of difftrent ounerab b 
turned to account is the deciremaf netic eeparalion of 
Riinemb, an unportant induftrial ore^SraMint: proe«M. 
By varyusf the etrei«th of (be akeuomafoet, cniaeraU 
of difTerinf mseepcibUity can be wpanted Bom each 
other, 41 , (ot example, magnetite fiom apatite, wolfram 
Bom (ifutone, mooaste (cenua pboepbate) from garoet 
asd rutile, ehrmute Bom its associated silicates. 

Minerab with a raetallk lustre, laeluding tht native 
metah, graphite, su^hldes (cecept mne blende), and 
certaio oaldes, are good nn s rft srr ^ ebrtrifiitr, though the 
great majority of miaerals are very poor cMductors. 
A simple laboratory xaethod of separating conductive 
minerals b by means of a ^as rod in vduch a poriuve 
eleetroetatic charge u indtsced by rubbing with sUh, or 
by using a stick of ebcoy or lealiog'waz which has been 
nqpitively charged by rubbing with eatskin. In com- 
merdal practice one proeea of dectrostatie sepantico 
involves the dropping of finely crushed ore on to a 
rotating dectrified eylinder. Coodueciog particlea 
become charged by induetioo aad art vigorously repelled 
from the drum whilst (be lall of bad conductor! a 
relatively unaSeeted. A shovrer of pulverized ore caa 
(bus be separated into dbriactfracUona. Inthbway, for 
example, the poor conductor doc blende caa be separated 

Irom good cooducton aueh as galena aod pyrite. 

Certain Duacrals be c ocn e electrically charged when 
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sui^Abty heated or cooled, and ue sakl to exhibit 
fffrotlMtrialy. This curious pheaomenon is shewn only by 
crysiab which lack a centre of lynunetry and poaseu 
polar axes oftymmeHY whose two ends are associated 
with dissimilar faces. It was Hrst observed in crystals 
of tourmiline (Fig. 33) whieh> on being heated, acquire a 
negative charge at the acute end and a positive one at 
the obtuse end. This can be demonstrated vividly by 
blowing a mixture of finely powdered red lead and 
sulphur through a muslin sieve and on to 
the heated crystal. In passing through the 
/p^ sieve the particles become electrined by 
/ i u mutual friction, the positively charged red 
j I lead bring attracted to the negatively 
electrilsed end of the crystal and the yellow 
, ^1 sulphur to the positively charged end. The 

vertical axis <£ the tourmaline, which is 
. polar in character, is termed its ‘eleccrie 

ToJrm Jme quarla, heating pro- 

Oyitalwiih duces positive and negative charges at 

horirontal axea, 

^^Mtry. ^ which is an electric axis, so that 
under the lead^ulphur spray the vertical 
edges of the mineral become coloured either with red 


or yellow dust. 

Electric charges may be developed on erystab devoid 
of a centre of symmetry not only by heat but also by 
suitably directed prcMure. This phenomenon, known 
as piuMUei/ieity, is, like pyroelectricity, most marked 
along the polar or electric axes. Thus pressure directed 
along the vertical axis of tourmaline induces positive and 
negative charges at opposite ends of the crystal. Plates 
cut at right angles to the length of the uuneral are so 
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respoasive (o eveo tUgbi wtAOm of premire (hAt they 
piAy bo utiUtod ia pro eS ie reeordiDf injtTuatenu, sucb u 
depth«)UDdizi 9 AppAratus. Qpam is the eutsiaading 
^cAoeleetrie minerAl, for properly oriented lecoens or 
plAK* Are now extensively used as resoniton (oscUlAtnr* 
plAiei) for frequency eomrol in rodio And telephone 
coeicnunicAtiofl cyttejoe. litenlly sccrei of aillioas of 
quArts oeeiUAtor«plAt«% r esemb l in g small oucroecope 
cover glasses have been mAauCAcnired since tp4i fbr 



Fix. S4. Pkto ekc pfc <^iara Crystals. («) Ran showing an 
*X* cut; (^) elevAUoa abowieg a 'BT* oit. 

use in A great variety of radio sets Ibr the Soviees. and 
nearly All broadeastiog or other radio stations are now 
held to their aaigned firequeney by quam control. 

Satkiaetcry plates may be sliced through a crystal of 
quarB parallel to its length and perpestdicular to a 
borixortta] electric asb. Tlicse are known as *X' cuts 
(Fig. 54, a). Better results are obtained, however, by 
cuttifig the plates parallel to an dectrie axis but 00 an 
iodine, as in the 'BT* cut (Fig. $4, i). Such plates 
become mecbaaicaUy deformed when subjected to an 
dectical field and, depending upon tbdr thickness, they 
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CAR be niAde to resonste At amuingly conitARt Tre- 
qucncies rARging from a few thousand to more than 
lOa aiillion vibrations per second. The use of these 
osdIlAton multipliei the number of convenations that 
can be made umultaneously over a pair of telephone 
wirea, and they have Kcently been inaialled to control 
observatory ‘quarts clocks*, which gain or lose less than 
one second in three years. Many thouxandi of tons of 
raw pleaoelectric quarts have been exported froin Brasil 
during the past few years for tbe manufAeiurc of osciJ* 
lator>p]at<a. 

Asdfesuuefy is the property, possesKd by certaio 
elements of high atomic weight, of emitting radiaitons or 
emanations by the spontaneous disintegration of iheir 
atoms. Uranium, thorium, and actinium are strongly 
radioactive, whilst poushum, rubidium, and samarium 
are feebly so. In general, the radiations sent out by these 
substances are of three types, known as alpba-> beta*, 
and gaiiuna*rays, the alpha>rays consisting of positively 
charged atoms of helium, tbe beta* of negatively charged 
electrons, and tbe gamma' of highly penetrating rays 
analogous to those of visible light but of very much 
shorter wavelength. The expulsion of these particles 
from uranium, thorium, and aerioiuJD at a Axed and 
unalterable rate eventually rerulo in the production of 
the gas helium, and ai a final stable en^roduet, the 
inert reetal lead. In the case of uranium one of the inter* 
mediate products of decay is the imporunt element 
radium, which itself emits the heavy Inert gas radon 
(radium emanation}. 

Helium tends to escape from the place of its foroiailoa, 
but tbe lead accumulates at a cennant and kncpwn rate 
within the parental radioactive lainerab, which can thus 
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b€ used u'clocb* for raensurlng geologlca! WKeo 

present io very ancient rocks the mineral urAnliuie 
(pitchblende) UO« may contain as much as 1 j per cent 
^ lead, whcreai in comparatively recent igneous reeks 
very little lead has accumulated at the expense of the 
disintegrating uranlni rc. If the radioactive mineral con¬ 
tains (honufn, Its lead-generatlrtg power, which Is 0 36 
times that of uranium, must also be taken into aceounc 
In making age determinations. Thus the amount ol 
drrisvd lead vdthin a rodioactive mineral which has 
crystallized In an igneous rock or mineral vein as an 
original conslitucot Is directly proportional to the age of 
the rock or vein, and by making a chemical analysis of 
the radioactive mineral its age in millions of yean can be 
determined. For approximate age calculations the so- 
called leed-ratio formula is: 

Lead 

+ 0 ?6-tteriGS X 

According to the present method of measuring geo 
logical time, based on the ]ead*ratios of radioactive 
minerals, the age of the oldest known rocks is at least 
ft,0OQ million years. Incidentally, the calculated ages 
of the now famous pitchblende deposits of the Great 
Bear Lake in Canada, and of the Belgian Congo, are 
respectively about 1,300 million and 600 million yean. 

The importance of karJiuss, one of the fundamental 
ebaraeten of minerals, was realized by our prehistoric 

t The atomic weights of'radiogenic* lead are ao6, aoy, and 
ao8 according to whether the metal Is derived rapeciively 
from uranium 938, uranium 033, or thorium, whereas the 
'common* lead Ibuod In metsuliferous velas contains in 
addUioa the lead isotope 904. Id the ease of the mineral 
uraairule (pitchblende) reliable determinations of the 
best rocks are based on the lead soC/uraaium figd ratio alone. 
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ancetort who sought eagerly for the hard miner&I j^inc 
in order to fabHeate sharp tools and weapons. As applied 
to minerals hardness is measured by the resistance offered 
by a smooth lurfaee to abraiion or scratching. The 
deiorminiiion of hardness or *scfaiehabltity' is readily 
made by observing the effect when one mineral is 
scratched by another, or by a finger*nail, copper ci^n, 
or knife. For expressing the degree of hordness It has 
long been customary to use an arbitrary <cal6 devised by 
Mob, in which the following aerla of ten common 
minerals are arranged in relative order of increasing 
hardness: 

t Talc; s Gypsum; 3 OaUito;4 Fluorspar; 3 Apatite; 
6 Felspar; 7 Quaru; 8 Topaa; g Corundum; 
to Diamond. 

A mineral which seratcha gypsum, for example, and 
is itself scratched by calcite, is said to have a hardness 
of 3}. In applying the test it is necessary to choose a 
fresh surface of the specimen, for earthy, granular, or 
spU&tery mineral aggregates may be crushed or crumbled 
without actually being scratched. For convenieoce, the 
determination of approximate hardness is greatly 
simplified by using a finger*noil (hardness s^), a copper 
coin ($), knifc'blade {3}). window glass (si), or a steel 
file (fii). Most minerals are softer than a file, and with a 
little practice their hardness can bo estimated by the case 
with which they can be seracehed by this instrument Of 
by the pwt of a pocket koifit. Certain gem*8tona and 
their imiutlons may often be diitingulsbed by this simple 
test. 

It should be emphasized that the numbers in Mob* 
scale merely indicate an order of relative hardness, and 
have no quantitative ngnificanco whatever. We must 
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oot, for instance, suppose theit diAnond Is fwi<x as hard 
as apatite or ten times as hard as Ulc» or that the Interval 
of hardncai between suceeaslve mlnerata in the scale la 
xmirorm. Indeed, a much greater gap exists between 
corundum and topaz than between topaz and quartz, and 
on an absolute Kale the dlfTerenee betvrcen corundura 
and diamond exceeds that between the first and the 
ninth mineral in Molu* Kale. Delicate tests show that 
(he hardness of most minerals varies slightl/ according 
to the direction in which they arc scratched, but with the 
remarkable exception of kyanttc, with a hardneu of 
about 4 parallel to Its length and of 7 normal (hereto, 
the variation is practically insigniitcant. 

In ionic minerals hardness can be correlated with the 
strength of binding between the ions, Increasing hardness 
being generally associated with closer packing of the 
ioos in (be crystal lattice, with reduction in the size of 
the ions, and with increase in ioruc charge or valence of 
the constituent ions. 

The way in which a mineral breaks is closely related 
to the internal arrangement of its atoms. Many minerals 
split easily in certain regular directions so as to yield 
smooth plane surfaces called sUewagt pistw. The 
'cleavages’ are always parallel to an actual or possible 
crystal face and usually occur along one of the principal 
planes In the lattice in which the atoms areclosely packed 
together. Normal to these planes the aiemic spacing Is 
wider and the electrosiadc binding forces arc relatively 
weak, cohesion thus being at a minimum aorcsi the 
cleavages. It is important to remember that a mineral 
which possessa cleavage may be split up indefinitely 
parallel to Its direction of cleavage. For example, mica 
has one perfect cleavage (Fig. 35, c) parallel to which the 
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mioers] may be split into suceeetvely tUnner sheets 
down to leas than a thousandth of an inch in thickneu. 
The micas have structures based on continuous iheeli of 
SiO^'tecrahedra (see page 64) which are linked loosely 
through intervening potassium ions, cleavage resulting 
from rupture of the feeble oxygen-potasslum bonds 
which hold the strong sheets logeUter In the pyroxene* 



Cubic cittnv^ •Gatfua 



Bssd -Mica 



OdoircM dio^ *FJifOf 



Basal and pHsmom^ 
deava^" Barytes 


Fig. 35. Oeavage in mlnersli. 


and amphiboles (Fig. a$, page 63} cleavage takes place 
parallri to the length of the strongly bound chains of 
sllioon«OKygen tetrahedra and never crosses them. 
Their cleavages are alioed parallel to the vertical prism 
faces and in the two minerals they iatmeet respectively 
at approximately go* and too*. 

Oeavage is described according to the ease with which 
it ia obtained and the smoothaeas of the surftcesproducedr 
and also according to its crystallographic direction. 
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Tlius cryatAb of rock ult and ^I«ds (Ftg. 95, d) Are 
laid to hftve perfeel cubic clcAVAg:c because they can 
be readily apUl parallel to the faca of the cube » as 
CO yield leaooch, liutroua surfacs. Fluorspar, v/hieh 
cemnonly crytulUzo as simple cubes, has perfect 
octahedral cleavage, for it splits perfectly alon; planes 
truDoatin; the corners of the cube, and If the splitting is 
executed regularly an octahedron is produced {Fig. gj, b), 
A piece of calcite, no matter of 
what shape, breaks readily Into 
rhombohedral cleavage-fragments 
on being crushed. Barytes, cryacal- 
Using in the orthorhombic system, 
has two sets of perfect cleavage, 
viz. a siagte basal cleavage and 
also two cleavage directions pamt* 
id Co the vertical prismatic facea 
(Fig. 3$, d). This example ilJus- 
traces the univenal rule that the 
directions of cleavage in a mineral 
are symmetrically repeated in Fslaeolithle 

accordance with the symmetry of .howiogconchwdai 
the crystal. In many minerals the fracture, 
cleavage can only be described as 
good or fair, whilst in others, such as quartz, there is no 
tendency to split along regular smooth planes. The 
luHaces of fracture may be uneven, splintery, earthy as 
in chalk, or coneboUlal with curved concavities as in 
broken flint (Fig. 36). It Is dear, therefore, that the 
way in which a mineral cleaves or breaks serves as a 
valuable diagnostic feature. 

Another Important aid In the identificatiort efa rnberal 
is the detenomalion of its Jpieifie graintj or density. The 

4 
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Specific gTAvity of E mineral is dearly dependent upon 
the atomic wighc of lu constituent atoms or tons and 
upon the closeneas with which they are packed together 
in the crystal structure. Thus, lead mineraJs are always 
heavy because chat metal has such a high atotme weight; 
and although graphite and diamond both eonsist of 
carbon the latter mineral is much the heavier because 
its Atoms are more tightly packed, itthespecifie gravity 
of a mineral is known and the dimensloru of iu unit cell 
have been ascertained by X>ray analysis, it is then 
pciilbie to calculate the atomic contents of the cell. 
Conversely* if the composition and unit cell volume of 
a mineral have been determined* Its density can be 
calculated, Aa intimate correlation thus exists between 
the rpeciiic gravity, chemical composition, and crystal^ 
lography of any given mineral. 

The extremes of specilic gravity in minerals are repre* 
sented by i*i is the fossU resin, amber* and ag in mdium. 
With practice it is possible ^ply by handling a spedmea 
to estimate its density approximately, and so to distJo* 
guish between minerals ofsomewhar simitar appearance. 
For noa*metallic mioerals the average density lia be¬ 
tween 3'6o and a*?}, because the most common artd 
abundant species* quarts, felspar, and calcite fall within 
this limited rartge. Barytes, sometimes known as 'heavy 
spar'* BaSO«, and the lead carbonate, ceruuite* with 
ipecihe gravities of 4*$ and $ 5 respectively, are unusually 
heavy for raineraJi wib a non-metallic lustre. Among 
mettUle minerals tbe average density Is usually con¬ 
sidered to be about 5*0, eorresponding to that of tbe 
commonest sulphide, Iron pyrites, ?eS|. 

Of tbe various types of balance used for determining 
specific gravity tbe most recent one designed for work 00 
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minerals is 8 delicate microbalance, capable ef deteiv 
mining accurately the density of Iragments weighing len 
than 85 mg. (under ene^thousandth of an ounce). An 
indirect method of measuring specific gravity, which is 
both quick and convenient, is that employing heavy 
liquids, such as bronoform (ip. gr. 8 69), methylene 
iodide (9’99)r and Clerici solution (about 4*9}, whose 
dendtica can be lowered at will by appropriate dilution. 
Most metallic minerals sink when immersed in these 
liquids, but a mixture of non'metallic minerals can 
usually be separated into its component species by suit* 
ably varying the specific gravity of the liquids. Minerals 
which remain in suspension, neither rising nor sinking, 
have the same density as that of the enclosing liquid, 
which can be quickly determined by mcam of a special 
balance. 
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MINERALS AND ROCKS 

Ws HAVR tlmdy obMrved thoi rocki muy ht divided 
into three grent group*—Ipeoue, eedimentary, end meie* 
morphic. The crust oflhe earth is dcrDinanily composed 
oT^wttf neks chat owe their origin nuinty to the loltdi* 
hcatim of molten rock material known as magma. Thb 
fluid magma, charged with gases, is generated under 
intense heat within or below the cruse ot depths ranging 
from about ten miles to several hundred miles. Since the 
magma normally has a lower specUic gravity than solid 
rock, and is subjected to enormous pressure, it is forced 
upwards and so penetrates and invsuies the crustal rocks. 
The magroa may eventually reach the surface of (he 
earth and pour out liocn volcanoes or open fissures as 
flows of lava, or be blown into the air in the form of 
*bombs*, fine ash, and explosive clouds of gas. 

Lavas erupted at the surface are called extruw or 
Mfronc rocks, after Vulcan, the god of Are. On the other 
hand, those rocb which have solidified within the crust 
from magma (hat his railed to reach (he surface are 
styled iHiTutive rocks. The m^jor deep^eated intrusions 
are often dalgnated as fiuleme, after Pluto, the god of 
the inferatl regions, and the minor, shallower intrusions 
which commonly form iteep walldike maiiei (dyka) and 
fUedying sheets (sills) are diitingulshed as hypofyssal.^ 
The grain or texture of an igneous rock varies accord* 
Ing to the cooling'lustory of the parent magma, and 
t See H.U.L. voluae Onteg)), by Professor H, H. Read. 
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especislly upon in de^ee of fluidity And rAto of solidi> 
ficAcion. Inuring very dow cooJtn; the Atoms Arc Able to 
Arrenge thermelvn regularly into the spaolattiees of the 
grovdng cryatalj w that the Faulting rock it entirely 
cryaulline And C 0 Ane*g 7 Ained. Such a texture ii ehA> 
ACteriitie of the plutonie roeki, including granite, v/bleh 
have consolidated slowly beoeath a cover perhapo many 
mila thick. The cemponent eryitala of these rocks ere 
mostly so large (more than 2 mm, aerou) that they can 
be distinguished by the unaided eye. More rapid cooling 
of the magma results In the devebpmentofa hoe^grained 
rock consisting of small crystals, whilst sudden chilling 
prevents the atoms from disposing themselvs symmetrie- 
ally and therefore produces a glass. Extrusive rocks, such 
as basalt, that have cooled relatively quickly from lava 
poured out on the surface, may be wholly glassy or 
vitreous, though usually they consist of minute ciystals 
embedded in a glassy base. Zn some cases comparatively 
laxgc crynab may have grown in the magma before its 
eruption as lava, the resultiog texture of the solid rock 
being knowD as owing to the presence of big 

erystab set in a fine*grsined groundmass. Moreover, the 
expansion ofgtsa in the magma consequent upon release 
of pressure during its outpouring frequeatly giva rise to 
gai'blowa cavitia or vesicles, the rock texture being then 
called asrkidar. These veilcla may rcmiun empty, or they 
may lubsequeotly become lined with crystals, often 
beaudfully formed ■, when completely filled the almood- 
shaped 'bubUa’ are known as suuygdales, And the rock 
texture as nmygdAloidal. 

We noted on page so that the average content of 
silica (SiOt) In Igneous rocks is approximately 59 per 
cent; the amount actuaiiy varia from over do to lew than 
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40 per cent Mftgtnu rich in are said to be add, 
wbereai those with much leu silica and correspondingly 
more bases (alumina, iron oxides* lime* magnesia* soda, 
and potash) are referred to as bade. The basic magmas 
are more fluid than acid ones and consequently they ofler 
greater freedom for atocnie diffusion during the period of 
cooling* with the result diat basic lavas and intrusive 
rocks tend to be coarser •grained than tlieir acid counter* 
parts. Even in acid magmas* however* ihe separation of 
early formed minerals may leave 0 residual li(|uid rich 
in volatile fluxes (gases and vapours) whose presence 
promotes ths development of large eryttali. Indeed, 
during this late pegmatiu phase enormtius crysials^n 
some cases many tons Jo weight—may be formed* such 
as those of felspar, mica, beryl, and tourmaline ia 
granite*p«gmaiitei. 

Aj the magma coob and coniolidaiesi its constituents 
unite to build roek'fbrming minerali, the great minority 
of which are silicates. It b a remarkable ihet that despite 
their diverse and complex chemical eompesidon the 
dominant igneous rock-types combi essentially of only 
six mineral groupe, namely febpars, quarn* micas* 
pyroxenes (especially augite)* amphlboles (mostly horn¬ 
blende), and olivine. lo acid rocks the light coloured 
minerals, notably quartz and felspar, predominate and 
yield much paler rocks than those of basic types, these 
latter being characterised by an abundance of dark 
ciliotie minerals rich in iron oxides and magnesia (i.e. 
fbrromagnesian), particularly olivine* pyroxenes* amphl¬ 
boles, and dark mica. Grasite, the moir common acid 
rock, includes on an average about gi per oent of quartz* 
53 per cent febpars, and ta per cent mica. Basalt, by far 
the most widespread basic igneous rock, normally coo- 
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bias approximately 46 per cent felspars, 37 per cent 
pyroxenes, nearly 8 per cent olivine, and no quanz 

(P‘8 37)- 

rgneoua rocks Are orten elauilied according to two 
factors, (i) the kinds and proportions of their constituent 
minerals, the« depending upon the chemical ocmpofi- 
tion of the ^^agma, and (ii) their mode of occurrence, 
which largely controls the kind of rock texture. 


tyrausivi 

lVeK«Al 4 > 

wiM«a iHtawfivc 

fayptarasa') 


Mlorral 

Cempeslttea 



Aeeesssriss,lnsiudln9 epa^ua mharsU 



i-ra^aBa/nata 

Ssrrlr 

RHYOLITE 

ANDESITE 

BASALT 

QUABTZ 

»rk»BMVSV 

SORPHYRITE 

OOLERITC 

GRANITE 

DIOR ITS 

SABBRO 


P 


Fig. 37. Table of Pnndpal Igneous Roeb. 


A skeleton clossthcatlon Is outlined in Fig. 37, in whieh 
the igneous rocks are grouped arbitrarily into three 
columns In the order of their silica content, thus: Acid, 
with more than 66 per cent SiOs, Intermediate, with 
between 6 $ and 53 B»ik, with less 

than 33 per cent SiOg. Each column contains a rypieal 
coarse>gtained plutonic member, together with a hyp’ 
abyssal rock (mainly Aae^ined), and a glassy or very 
fine-grained extrusive or volcanic representative. The 
continuous variation In mineral composition from aod 
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to basic rocka U ihown sraphically, the uibordinate 
aecaiory constituenu (including opaciue ininerals) being 
indicated in black at (he base of the diagram. Fr^ (bU 
illustration it is clear that the igneous rocks can be 
classified mlneralogically according to ihe presence or 


Fig. 30. rgneou* Rocki In Thin Section. A. Olivine Desalt • 
Urge erystali of ptivine hi), augha (a), and felspar (/), 
ifl a ground maia of small Caspar laths, minu le granule ^ 
magnate, and Hua. B. Granite; interlocking 
erystaJs of quant (j), kitpu (/), and two imcar, muscS 
(*«). in parallel iaiergrovrih. 
(Magnilieauoa: x /o.) * 


a^nce of quart*, the nature of their felspars, and the 
kinds of ferromagnesiaa minerals they contain. 

Beyond the extreme basic end of the table there is a 
small assemblage of rocks classed as ulireinsie, which 
contain little or no felspar and are composed almost 
ooiirely of ferrozDagnesiaij minerals, especially olivines 
and iron oxides. A large proportion of intrusive rocks 
consists of granite, though its lava equivalent, rhyolite. 
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i» not &n nbundAni type. In contmt, the most >vide- 
spreAd of sU Iavas bas&lt, but its co»rse*gTftined 
Plutonic equivalent, gabbro, b not csjMci&Uy common. 

The appearance of two of the corrunoneat igneoua 
rocks ai seen under the microscope is illustrated in 
Fig. 3 $. 

Measurements of the temperatures of recently erupted 
lavas indicate that they may range from 600* G. to about 
2 , 900 * G., the basic lavas facing the hottest. Tl)ese ten* 
perauires are considerably higher than those at which 
the corresponding deep^eated magmas consolidate to 
form plutonie rscb, where crystallisation is retarded by 
the retention of.gaieoui fluxes in the cooling magmsj. 

During the solidification of magmas there Is a marked 
tendency for the principal silicate minerals to ciTitallise 
out in a definite order. Among the ferromagneiian 
silicates the earliest to form are those vdth the simplest 
atomic atnietures, based on separated SiO^ tetrahedn^ 
notably, the olivines. On further cooling this simple type 
of crystal architecture becomes unsuitable and Is suc¬ 
ceeded in turn by the single ebain pattern characteristic 
of the pyroxenes, by the double chain structure of the 
amphlboles, and by the extended ilieets of linked tetra- 
hedra typical ef the rnlcas. With falling temperature 
there is thus ao increasing complexity in the crystal stru^ 
turn of succeaitve rainerals, whose deruity and index of 
re&action dlminiihes progressively. Concurrently with 
the sequence of changes from olivine to mica, the plagio* 
clase felspsie change gradually from calcic to sodie types, 
to be followed by the crysialijution of potash felspar and 
quartz as 6nal major products of consolidation. The 
chief basic roeks, such as basalt, are consequently cbai^ 
acterised by the dominance of Uxne felspar, olivine and 
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pyroxene, whilit the acid rocks, ineludixsg granite, con¬ 
sist oiseotially of potash felspar, quarts, and izuea. 

Those minerals that begin to crystallize early during 
the solidification of magma may actually complete their 
growth without interference and thus develop perfect 
Crystal form. On the other hand, the latest mlnerais are 
usually quite irregular in outline, for they must perforce 
occupy the intcntitial areas remaining between the 
minerals of earlier growth. 

The stdimmiarj wk: are mostly composed of the 
material of precis tii\g rocks which Iiave been broken 
down by exposure to weathering at the earth's surface. 
Thoe products of disintegration are usually transported 
from their place of origin, either sii solid particles or in 
solution, and after being distributed by wind and water 
they are ultimately laid down m layers as stratified 
deports. Most of them accumulate in the Ma in a loose, 
unconsolidated form and are later subjected to coin> 
paetieo, cementation, and induration. 

Although the sediments probably cover more than 
chre^quarters of the entire land surlace, they constitute 
only about s per cent of the crustal rocb, for they exist 
merely as a discontinuous veneer averaging perhaps half 
a mile in ihieknees. They can be classified conveniently 
on the basis of origin into three groups; (i) M0<heru:alfy 
/orntj sedimeots, consisting of worn fragments of older 
rocks which have been carried into their present position 
by wind, water, or ice. They include graveb, uods, 
sandstones, clays, and shales; (ii) OumuJljf/omsel sedi' 
Dents, formed of material dissolved from pre-existing 
rocks and subsequently precipitated from solution, e.g. 
many limestones, and saline deposits formed by evapora¬ 
tion; (iii) Offanie^ly famed sediments resulting mainly 
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from the accumulation of vase quantities of organic 
remains, e.^. shelly limeatonc, phosphate deposits, and 
coats. 

Shales and clays comprise about 6o per cent of all 
sedimentary rocks, sandstones 15 per eenc, and lime* 
stones about 5 per cent. All the other kinds ofsodimenis 
constitute only a very small proportion of the grand 
total. The relative abundance of shales ii due to the fact 



Fif. 5 $. Sedimentary F^eb in Thin Section. A. Sandstone; 
reundsd quaru greini with cement efsiJt, B. l^lonltk 
Umeitene; rhemhe of duiomite (dsJ) in amauix ofealcite 
(m/^ (MigniUcaiioa: X (O.J 


that» with the exception of quarts, theprlncipsJ minerals 
in igneous rocb, namely felspars and ferromagnesian 
silicates, break down to yield the so^alled clay minerals. 
These are minute flaky hydrous aluminium silicates, such 
as kaoJinIte, characterised by a sheet-lattice structure. 
They are sKcompanled by innumerable tiny scales of 
mica and chlorite, together with finely divided quartz, 
calcite, colloidal silica, iron oxldea, &c. 

Sandstooea consist dominantly of more or le» rounded 
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of quarts, a hard Insoluble mineral not easily 
reduced by abrasion (Fig. 35, a ). According to the 
cementing material between the quartz grains it is po^ 
dble to distinguish several varieties, including calcareous 
•aodsieae with a cement of calcUe, ferrugioous sand* 
scone cemented by red or brown iron oxides, siliceous 
Sandstone with intergranular finely divided quarts, and 
argillaceous sandstone with a cbyey bond, jjmestoncs, 
whether of organic or chmlcal origin, are eompoji«I 
principally of calcium carbonate in the ftK'm of ealciie 
or, occasionally, aragonite. Dolomite, the double ra^ 
bonaie of calcium and magnesium, ii often an important 
constituent of calcareous rocks, the amount increasing 
during the passage from dolomidc limestone (Fig. 39 a) 
into pure dolomite. 

Miimctphu neh result from the transformation ofpre. 
existing rocks under the inhuenca of heat, stress, and 
mignting fluids. Changed physical and ehemicftl condi¬ 
tions may result in many minerals in the original igneous, 
ledjmentary, or metamorphle rocks becoming unstable 
and eonsequendy stuceptible to replacement by new 
minerals more in harmony with the altered environment. 
The new species develop whilst the rocks remain essenti¬ 
ally solid, and frequently textures are produced which 
are quite unlike those of the original rocks. 

Thermal or contact metamotphiim is developed by the 
baking action of a hot igneous mass on the lurrounding 
rods, and commonly results in recrystalluation of some 
or all of the origioal rook constilueots. In a sandstone 
the quartz grains are recrystalliaed into an interlocking 
mosaic of quartz crystals so as to form quartzite. Pure 
limestooes are convened into marbles, and limeetonm 
containing impimtics such as magnesia and silica are 
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chaoged icro oiArbles srudded with various silicates, 
notabJ)' olivine, ibcsterite, Hcoe garnet, pyroxeDcs, and 
amphibolcs (Fig. 40, 8). Clayey rocks may be meia* 
morphosed into tough fine-grained rocks known as hom* 
feb, which Are often charactenaed by the presence of 
aluminium silicates such as andaluilte and ^imanile, 
together with biotite, cordierlte, anl ataurolite. 



Fig. 40« Metamorpbic Rocks In Thin Section. A. Oamet* 
Biotite SchUt; principal eonstliuenu are ternet (/), 
biotic* (ki), and quarts (9}. B. Fonterlte Marue j eryiiab 
of fbrsMrlM (/o) set in an «ven*Br«irietl matrix of oalcite 
(m). (Magnilicaiion: X to.) 

Stress, or dyisamic, metamorphism promotes the 
growth of new minerals of platy or bladed habit a rranged 
with their fiat sides at right angles to the direction of 
maximum stress. The metamorphosed reeks thereby 
acquire a parallel structure or banding known as folia¬ 
tion or schistosity. Shales are transformed into slates in 
which (he small flaky minenls, such as mica and 
chlorite, lie with (hdr placy surfaces parallel to the slaty 
c le avage, and the tiny quarts grains become flattened 
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and elongated ifi tbe same direction. With increased 
metaj£orph£aai states pass into Itssile ouca schists. Ba£c 
igoeotis rocks containing pyroxenes may be converted by 
presstire into ebloritc or hornblende schists, and olivine- 
rocks give rise to serpentine and talc Khists^ whereas 
granites and sandstones are commonly changed into 
banded gneisses. Among the accessory constituents often 
present in schists and gneisses are certain dense well* 
developed minerals such as pink garnet, erossHhaped 
staurolite, and bladed blue kyanlte, whilst the soda 
plagioclase, a]bite, is usually the dominant fthpar 
(Fig. 40, a). 


CHAPTER Vm 


ECONOMIC MINERAL DEPOSITS 

MiNBRAL DXMxm src accujaulationi or concentrations 
of useful minornla, such as (he fueU which include coal, 
li^iuie, end petroleum; (he Qen>meulliferoua minerals, 
barytes, fluorspar, gypsum, sulphur, and many others; 
and (he metalliferous iruuerils which yield the world*i 
supply of gold, platinum, copper, tin, tungsten, lead, 
cine, and a host of other metals. Only pauing reference 
is made in this chapter to the fuel deposits. 

Whan we refer to deposits which are importar^t chiefly 
for the mtuU extraetad from the minerals, the term 'era 
deposits’ is generally used. Technically, an ore is an 
accumulation or concentration of minerals from which 
one or more metals can be profitably extracted. As the 
market value controls whether a mineral will pay ibr Its 
extraction, what is ore one year may technically oot be 
ore the following year I But the term ore is o^n used 
iooaely for almost any material that is obtained from a 
mine. Many orebodiei yield, besides metalJifbroui 
miaerals, others, such as fluorspar and baryta, as useful 
by-products. 

Most minerals have been formed by precipitation from 
liquid solutions or gaseous emanatioru, but chiefly from 
liquid solutioru. The two principal factors which effected 
precipitation were the temperature and pressure eondi* 
tioQs prevailing at the time the minerals were fertned. In 
general, and within limits, decrease of temperature and 
pressure promote the precipitation of minerals from 
103 
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soludon, but decrease of pressure is thought to be leas 
elective thaa fall of temperature in causing precii»< 
utioc from aqueous mineralizing solutions. 

The OaiosK o? Miheral Dsposm 

There are several Batural processes by which useful 
minerals have been accumulated, or become concen¬ 
trated, to form deposits of ecotomic importance. Some 
of the chief of these processes will now be described 
briefly. 

Rocks of igneous origin are formed Ity Ihe consolida¬ 
tion of molten material csJled rock mngina, or simply, 
magma. During consolidation the futt minerals to 
crystallize are usually the heavy ones, and tliis may 
result in the concentration of those mlnemls by gravity- 
settling during solidification of the magma. It does not 
ibilow that these heavy minerals will always occur at the 
base of the consolidated rock. Cniital movements may 
force the rainerali to occupy fissures In the surrounding 
rocks, though almost all deposits fonned by direct icgrs- 
gatioA from the magma are found either in or near the 
igneous rocks with which they are genetieally related. 

The famous Swedish magnetite deposits ofKiruna and 
GeUivare, which supplied Germany before and during 
the second world war with the millions of tons of iron ore 
shipped annually from the Norwegian port of Narvik, 
were fonned by direct crystallization from a magma 
which also yielded sycalte (consisting largely 00 felspar 
and hornblende). Almost all the vvorld's deposits of 
chromite were formed by a similar process, but frere 
a much more basic magma which coosolidated as au 
dCra-basic igneous rock (Fig. 41). 

Many authorida believe that dlamoods were also 
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formed by direct erystalUzatioQ from molten rock rich 
in carbon, though Che source of the carbon is contro' 
versial. Some maintain that it was derived fmm car¬ 
bonaceous shales that becameincorporated in the magma, 
and others that the carbon was an original constituent 
of the magma. In the South African diamond 5 eid, the 
diamonds are disseminated In volcanic pipes which are 
filled Viitb a serpcnttnised reck derived from the olivine- 
rich rock peridotite, and usually called ‘kimberlite* from 
Id occurrence near Kimberley. The Kimberley pipe has 
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Fig. 4!. Stratified chrofnite bands in the Duihveld gabbro, 
Transvaal. 


been worked to a depth of nearly 4,000 feet, where it Is 
about 500 feet in diameter (see Fig. 4a). Near the sur¬ 
face the kimberlite is decomposed into 'yellow ground’ 
but at greater depth, where the rock is less decomposed, 
it is known as ‘blue ground’. 

Sapphires and rubies may crystallise from magmas 
rich in aluminium, but those at the famous Burma ruby 
mine were formed mainly in a limestone which had been 
greatly altered by contact with an acid igneous rock. 

If sulphides are present in large quantities in the 
magma, then separation by unmuing takes place during 
cooling. It was fonnerly believed that the nilphides are 


K 
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asiof^ ihe first nuneraU to separate out from the inolien 
rock» but thert is nov/ considerabie doubt concerning the 
stage of cooling at which the separation tabes place. 
Sndeed, some tii the world*s non Important sulphide 
deposits which were once considered to have originated 



Fig. 43. Djagramnuirie crosi^ection of Kunberley diamond 
pipe, South Africa. 


by direct separation from the magma, are now believed 
by many authorities to have been deposited by hot 
aqueous solutions which emanated from an igneous 
source. Controversies have raged, for example, about 
the origin of the famous sulphide-nlokel deposits of Sud¬ 
bury, Ontario, which produce about 80 per cent of the 
world’s nickel; about the Rio Tinto cupriferous pyritic 
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deposiu in Sp^b, the largest knowo of thdr kind; end 
concerning m*ny other imporunt depoaitt of ulpbide 
mineralj. We shell cot diseuu the merits of the diSbrtne 
theoria, but have mentioned them so that the reader 
may realise that the origin of eeriatn types of depoiiu is 
diflieult to determine. 

Wo have referred to the heavy minerals which sink in 
the magmai but have not eonsidered the lighter aiirterals 
which erysialiise without separation by gravity liAkiog. 

The upper paro of some magoias are high in silica> 
and during consolidation minerals like quarts, the alkali 
felspars, micas, and other silicates form. Some magmas, 
particularly those of this acid type, are rich in volatiles. 
During the solidlijcation of the mala part of such magma 
to form a rock like granite, these volatiles become coo* 
centrated in the re^ual and more add portion of the 
molten material, which is thus able to remain fluid at 
lower temperatures than it would without the fluxing 
eflect of the vdatiles. When, therefore, fUiuros are 
formed in the granite during or aAec its solidlfloation, 
and cracks develop in the adjacent rocks, channels are 
provided bio which the residual acid magma with Its 
volatiles can be forced by crustal pressure. The veins of 
quartz, pegmatite, aplile, and quartz porphyry (the two 
latter are often termed *elvaiu*) which are so common irs 
the tin<Dining areas of Cornwall and Devon were 
probably formed in this way. 

Water vapour u present la magmas, and some acid 
Bsagmas eontab fluorine, boron, sulphur, and other non* 
metals which act as earners of such metals as tin, tung* 
iMn, and copper. When these volatile mineralising 
iq^ents sseend sad reach a zone where the temperature 
and pressure conditions are suitable, they deposit the tio 
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«j CAWierite, SnOs; the ruAgaien as woirmm, FeMnWO«; 
and the copper as cKAlcepyrire, CuFeS|. Thai is one and 
perhaps the chief way in which ihe tin and tunpien 
lodea in Cornwall and Devon and other tinAelds were 
fortaed. Under KKnewhai lower temperature condtiiens 
such deposits wck probably alio formed by ascending 
aqueous mineralising solutieni. 

ContseUnutatimp^u D 4 pwiO. Sedi¬ 

mentary rocks which are in eontaei with igneoui intru¬ 
sions may be considerably changed by the heat and 



Fig. 49. Idealised diagrm ihowiru locacien of mineral veins, 
and of orebodio (in black) fornted by replacement of 
limstoae adjacent to a granite cupola. 


pressure devalued by ihe lAtrusIOQ. New minerals, like 
garnets, amphiboleii pyroxenes, and other jilicata, may 
be formed in the invaded rocks, and metallic and other 
useful minerals may be developed at the contacts, chidly 
of limestone and calcareous shales with granite, gcan* 
odiorite, and quarts moasonitei, but rarely at the con¬ 
tacts of basic igneous rocks. The useful deposits lie in a 
belt or tone near the contact, are generally irregular in 
shape, and can be distinguished from lode and other 
deposits by tbeir indcpeadenee of fiaiuxing and by chdr 
mineral assemblage, which is almost iavarlably an inter- 
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growth of silicatea with the exidei and sulphide* of 
meial* such *« iron, copper, ^c, and, lea frequently, 
gold, silver, and lead. Such deposits are the result of 
metasomatism; that Is, they were formed by replace 
ment of the invaded rock largely by material which 
emanated from the adjacent intrusive mass. Their tsm* 
perature of formation wai high and hence they are 
frequently known as pyromerasomacie deposits. 

Hydr^themal Seluticni. The water emanating from an 
igneous source is often termed 'Juvenile water’, whereas 
that of atmospheric origin is known as ’meteoric water*. 
Juvenile water usually carries silica in solution and may 
also contain metals and noa^tnetals. During its passage 
upwards through fissuros in the rocks ic reaches aoaes 
where, as the result of falling temperature, it is unable to 
carry its burden with the result that precipitation takes 
place and deposits of ecooemic importance may thus be 
formed. Such deposits may be coafiAed to the channels 
traversed by (be mineralising solutions, or to the conduits 
enlarged during this passage, to form minersd veins. If 
the veins contain metalliferous minerals they are termed 
lodes* in this country, whereas in the U.SA., that term 
is applied not to single metalliferous veins but only to 
those of a compodte nature. 

In the great m^oricy of cases the juvenile water during 
its journey through fissures dissolves, or partly dissolves, 
much of the adjacent rock and may replace it with a 
mineral deposit. Some rocks, notably limestone, are 
mere ea^ly replaced than others, but most rocks are 
nnceptibleto this change to some degree. Consequently, 
(his process of mineraliaation by replacement is a major 
factor in the formation of a very large number of 
Important mineral deposits. 
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So fur, we have eonsidered aqueous njneraUxing solu* 
tioru irrespective of the temperatures existing during the 
depoeiUoR of (heir burden. So crucial, however, are these 
temperature conditions io determining the types of 
deposits formed, that they require further attention. 

It hu been found eonvenient to regard deposits of 
hydrotherzTul origin as having been formed under three 
main itata of temperature eondiiioru. Tliow deposited 
avben the temperature was from 30a* to ^oq"' G. are 



Fig. 44 . Diagram illuiuaclng formation of ore (shown ie 
black) tn sedimeetary rocbi due to Impregnation and 
reptaeeaent by oro'bearing soiudow of igneous origin. 


the high temperature, or deposits: (hoseat 

temperatures from aoo* to 300*, the Intermediate or 
"wwAsmsfdepodts: and those ai 30* to about 800% the 
low temperature, or ^iHurntti deposits, 

The criteria by which hydrothermal deposits are 
assigned to one or other of the three types are numerous, 
but ostJy a few of them need be mentioned here, 

CerUin minerals including magnetite, specular hema. 
tltc, pyrrhotite, cassiterlte, wolframite, tourouline, and 
topes are generally formed only at high temperature, 
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Their pretence la4 deposit it therefore an indication that 
high temperature conditicna probably obtained during 
in formation. Cinnabar, the telluddee of gold, and cer- 
uio other mlnerab cannot be formed lo quantity except 
in 4 comparatively low temperature environment^ and 
their occurrence in a depodt uiuaUy point! to an epi¬ 
thermal origin. 1 1should be iirened, however, that some 
mioeraU, aueh aa pyrite and quartz, can be deposited at 



Pig. 45 * X.ead 4 inc vela In iault curtijig sedimentary sirata* 
with associated replacemeni *Qais io Juneatone. 


both high and low tempemtucea, ao that normally thcnfis 
of mineraU, rather than one or two species, ia taken into 
account when Interpreting the temperature of formation. 

Although quartz can form at high and low tempera* 
turea It la, neverthelea, one of the moat useful tninerab 
in geological thermometry. Below a temperature of 
575* C. it changes from quartz to dpha quarts with 
a difTerent recognizable lynunetry. Gold may also 
origirtate under diffcKHt temperature conditions, but it 
is an interating fact that. In general, the gold in high 
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temperature depceiu geaerally cMtaba leu lilver than 
that formed epiihernuJIy. 

The nature of the depoiit is another important factor 
in relation to the temperature obtaining during iu font)' 
atios. Veins of high temperature origin have difTerent 
charteterijtice from those fbrmed under Jow temperature. 
The latter are frequently dieiinguiihcJ by the proence 
of eavitiei, banded arrangement of the mincmli, and 
irregular \wa]li> and their influence on the adjncent rocb 
differi from that of the high temperature veins. 

The chief hydrothermal deposits of economic import* 
anee formed under high temperature conditions are the 
tin and tungsten lodes, such as those of CornWAlI; the 
gold'bearing veiru and replacements which persist to 
great depths, like those of the Kolar goldfield in India, 
St. JohndelKey in Brazil, the Porcupine and Kirkland 
Lake goldfields of Ontario, Canada; and some of the 
largest known leadline deposits, including those now 
being worked at Sullivan mine in British Columbia; at 
Broken Hill, Kew South Wales; and at the Bawdwin 
mina b Burma. 

Many lead and zbe deposits were not, however, 
forreed at high but at intermediate temperature.i. Among 
other deposits formed nesothermally are the goldK}uaria 
veins of California, and of Victoria ia Australia; the 
lilveivtin veins of Bolivia; and tome very important co^ 
per deposits, the most prominent being the famous ore* 
bodies worked at Butte. Monuna. Thoe latter produce 
aonuallyover iao,ooo tons of copper, about 64,000 tons 
ofaiae, and 90 tM jo million ounces of silver, The famous 
pyritie deposits of Rio Tinto and of other parts of Spain 
are also generally regarded as having been formed under 
these conditions. 
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Unlike the hypoihemul and raeMtherroal gold 
depositi, tboie formed under relaUvoly low temperature 
conditione do not penUt to gre*t depth. Thu ii well 
Uliutnted by the epiihermnl depoeiu in which the gold 
ia generelly proeent u a telluHde, frequently high in 
lilver. Such gold oeeurrencre may be apectaeularly rich 
for the Arit few hundred feet but at greater depth often 
prove unworkable. For examploi the gold (elluride vtina 
of Cripple Greek, Colorado* produced in the year 1900 
about jCsi million of gold; in 19:6 it wa* million; 
in 1925 leM than million, and in :99t well below 
half a radlioo aterlirvg. Troducllon on this goldfield, a» 
at the famous Comstock Lode in Nevada whieh is also ao 
epithermal deposit, has now vlrnoally ceased. 

The world’s supply of mercury comes from cinnabar 
deposits, and that of antimony from siibnire deposits. 
These two are also types of low cemperaiure hydr^ 
thermal deposits. 

Some of the nineraliaing solutions ascending from 
magmatic sources reach the surface as hot Springs, and 
49 tepid springs when mixed with surface water. Such 
solutions are very common in regioru of roeenc or fairly 
recent volcanic activity. It should be made clear* how¬ 
ever* that hot springs may also result from the deep pen^ 
tration of circulating waten, but usually these do not 
carry metallUeroui minerals, except as traces. At Stcan> 
boat Springs, Nevada, hot springs at a remperature of 
75* CO 85* G. emerge along a fissure about a mile in 
length. Steam, hydrogen sulphide, sulphur, and small 
amounts of the sulphlda of arsenic, antimony, lead* cop¬ 
per, and mercury are present with some gold and silver. 
Similar hot spruigs in Colorado are now depositing gold, 
silver, fluorspar, and barytes. No hot-spring deposits 
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liAve however been proved to be of economic import- 
once, but they hove been referred to here to complete the 
natural history of the mineralizing solutions lo their 
Ascent from iheir magmatic source. 

Zvfo! Amngmnl ^ Mintrais. The study of ore deposits 
within a miaeralired area about the centre of an igneous 
intrusion, has shown that the minerals formed at high 
Temperature have a tendency to lie closest to the mag* 
suiic source, the lower temperature minerals in mote 
distant zones, and those formed at intermediate temper¬ 
ature oeeur between these two sones. The ideal sequence, 
beginning with the highest temperature zone, would be 
the minerals of (!) tin and tungsten; ( 11 ) gold; (Hi) top¬ 
per : (iv) zinc; M zinc and lead; (vi) lead; (vii) gold 
and silver; (vlii) antimony; (lx) mercury. Tliecompleto 
sequence is not known to occur anywhere, but In certain 
tnineraliaed districts parts of this sequence ate clearly 
illustrated. For example, Dolcoath mine ia Cornwall 
began as a copper mine and at deeper levels passed 
thraugh the copper zone and became a tin mine with no 
copper production. At Butte, Montana, a pronounced 
zonal arrangernent of copper, zinc, and lead. In that 
order from the centre of the parent intrusion, has been 
established, and in other peru of the world evidence has 
been accumulated strongly supporting this theory of the 
zonal arrangement of minerals laterally and in depth, 

We have now coosldered the chief of the mineral 
depents which were formed by direct separation from 
the magma; those formed as vuos or lodes which derived 
their Queerial mainly from magma; and the concentra¬ 
tions which owe their origin to hydrothermal solutions 
which emanated from igneous loureez and formed valu¬ 
able deposits usuler h^h, iutercnedlate, and relatively 
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low temperature condiliom. Evea the latter were in 
most caaea formed at temperatures above the boiling 
point of water. There are however accumulationj of 
useful miAerali of the greatest importaoco which were 
deposited at temperatures well below the boiling point 
of water and even at ordinary surface temperatures. 

We shall first consider the depOMts formed by trans* 
portatJon and concentration by surrace water*. 



Fit. 46' Diagram IlloMralIng tonal arrangement ot rnsuts 
ttiii, copper, tine, end teed) In lodes around a graniio 
intrusion. (Modinsd after Emmons.) 


DtpositsJotTfud by TrvuporUUian and Cenunlratiofi by Svr^ 
faea WaUrt. During the weathering of rocbi some of the 
minerals of which they are composed caay undergo 
changes to form new minerals, and others may retain 
th^ original chemical composition- When erosion ukes 
place, the rock material is carried down the slopes into 
channels where running water effects a mechanical 
separation of the minerals. The heaviest particles tend 
to become concentrated in the upper reaches of the 
streaim, the lighter particles further from the source, and 
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the fine pArtieIn of clayey maierlal are carried consider' 
able distances, ultimately to be laid down in lakes and 
seas as sedimentary beds. The jnatnial to colloidal form 
is often earned out w sea where it is coagulated by the 
electrolytes in sea^waier. 

Qjjarte is a comparatively light and N’cry stable 
mineral, and as it forms one of the chief coiuttiuenis of 
jnany types of rocks, accumulations of beds of quartz are 
very plentiful as sand, sandstone, and quartaites. Some 
beds of sand are composed of almost pure q unrtz nnd are 
used exienuvely ai ingredients in the manuracture of 
glass and pottery. When such sands have been com* 
pacted by pressure and natural cementation iuu> highly 
siliceous sandstones and quartzites, they can often be 
employed as millstones and, if of suitable graln-slae, as 
whetstones and grinditoncs. 

The fine material derived from the decay of rocks is 
deposited In rlver-bcdi, lakes, and seas as sedimentary 
elay. Most of the clay comes from the alteration of the 
felspathic minenis b the rooks. If such t elay is not 
discoloured by hydroxides of iron and other impuritirs, 
and remains white or almost white, it may form valuable 
deposits of kaolin or chba^lay. Such deposlu have 
accumulated b Georgia and South Carolina in the 
U.S.A. and are the chlefsources of the kaolin used in that 
country for the manufacture of paper, pottery, and as a 
fUler for cotton and rubber. The kaolin deposits of Corn¬ 
wall and Devon however are not sedimentary deposits; 
thdr origin is described oo page 135. 

During the transportation of the clay in running water 
and its deposition ia beds, it may become contaminated 
by other subsunces which endow it with properties unlike 
those of kaolin. The ball'clays worked in the north and 
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•outh of Devon, and in the nei^bourhood ofWarcham 
in Donetahire» contain carbonaceom and other materiaU 
which give them high plasiicity and relatively low fual' 
bility, properties which make these days luitaUe as one 
of (he ingredients in the maouTaeture of certain types of 
pottery. 

Clays like fuller’s earth and be&tenite have high 
ahaorbeni properties which enable them to be used ex¬ 
tensively for deodorizing, decolorising, and darifylng 
fats and oils, including the refining of petroleum. The 
origin of ful Icr's earth is somewhat obacure, but bentonite 
is ccrtaltily ofU’ii due to die decomi)oaition of voicanie 
ash in sea-water. 

Fltutr duel Kliaial Dtpojiu, Heavy mlnerali are less 
abundant In rocks than those oflow speei 5 e grsvicy, and 
while they are not more resistant to decompontion 
than certain lighter ralnertli like quartz and muKOvite 
mica, some of them have far greater stability than the 
lebpaii and other light minonli 

When rocks containing such heavy and stable minerals 
as gold, platinum^ cassllcrite, magnetite, mocazlte, dia¬ 
monds, and other precious stones are weathered and 
eroded, these minerals become concentrated in the lower 
parts of sands and grave) beds to Ibrm valuable filutr, 
or alluvial, deposits. What has happened is that nature 
has forestalled, in a far more leisurely manner, what the 
mining engineer has to do daily—the breaking up of 
mineralised rock and the concentration of the useful 
minentls. By natural processes, the racks are broken and 
comminuted by expansion and contraction resulting from 
heat and cold; by plant growth; by the attrition of rock 
fragments ia running water; by the grinding action of 
ice i and by chemical decomposition and hydration. The 
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placm of economic Importance have accumulated in 
vvater^unOi on the ^nks of atreami and hvers» in 
recent and ancient alluvial terracn, and along the shores 
where ocean cturentt have sorted the material by a pro- 
eeaa sunUar to that employed on tabia and jigs in ore- 
dressing. Thus it is that the specific gravity of stable 
minerals plays the most Important part in the formation 
of economic alluvial deposits. Diamond has a specific 
gravity of 3*33» monaaite 5*0; caalterite beiux:cn G and 



Pl|. 47. Formadon of (a) tiuMi depcalt on hill slope helew 
lode eutcrop» and (i) cUimi^l deposit (placer) by cimren- 
trailM ^d«nse> re^tant minerab (shown by heavy docs) 
along valley floor. 

7; gold 15*6; and platinum as found in nature from 
J4 to 19. Of the common light mlnerab, quortz has a 
dertttty of 3 65: felspar 2*33 to 375: and the ferro- 
isagnesian silicates less than 9*5. 

On bill and raounuin slopes, especially tho«e covered 
with vegetation in warm and moist tropical countries, a 
considerable thickness of weathered material may remain 
in situ, or may creep slowly down the slopes as angular 
fragments. Such accumuliticns of broken roclc arc 
kawn as ebanai deposits (Kg. 47), to ^tinguisb them 
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from alluvial depoaits. io which the panicles ire rounded 
or iuWouoded and where sorting been elTected dur* 
ing tramporution in running water. Even io eluvial 
deposits, especially those near the ouceropa of gold veins, 
some degree of concemradon has been eR*ected; but even 
without natural ceneentration the useful oiioerals can be 
easily recovered from the loose ground. 

Running water ia however the most potent agency in 
the formation of the placer depcaita which yield gold, tin, 
platinum, monazite, and precious atoaea. Moat of the 
world’s tin and monaaiie for evample are obtained from 
sands and gravels in which the tinstone and laonaalte 
have been concentrated by sorting during transportatioa 
in water. 

Most placer deposits lie on or near the lur&ee but 
acme, like the auriferous quartz conglomerate {* banket’) 
of titc Transvaal, S. Africa, which yields about a third 
of the world’s geld, arc in places buried under thotisands 
of feet of newer rocks. It is highly eoniroveniaJ whether 
the gold in the banket of the Witwatarsrand, Transvaal, 
was transported by surface waters and deposited at the 
same time as the enclosing conglomerate, or whether the 
metal was subsequently precipitated from ascending 
infiltrating mineralizing solutions of juvenile origin. 

Dtp^iUfomtd by Ckmieat PrMtsts by Rtatliens heiwtuf 
SelviiMS u) Svfau WaUis. Plants and animab play a 
fundamental part in the concentration of certain el^ 
ments. living matter collects the needed elecnents; 
after death these elements are yielded to the materials fk 
the environment ia which the organisms lived, and the 
process may involve a sequence of concentniions. Thus 
blue-green algae concentrate phosphorus from sea¬ 
water; certain molluscs feed on the algae and they, In 
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tun, ar« consumed by meat>ea>tmg molluscs which 
become the prey of srull fisba which provide food for 
larger fishes, fijrds e«t the fishes and deposit excrement 
on desert islands to form valuable deposits of guano. 
The phosphates obtained as fertilizers from guano and 
rock phosphates have passed through half a dosen or so 
cycles of iransforraatioo before they are available for 
nan’i use. 

Plants are continually accumulating carbon from the 
atmosphere. The planu decay an the surface to form, 
in placej> beds of peat, or under a protective cover of 
water, clay, and sand to form beds of lignite and coal. 
Plants also take up potash, phosphorus, Iron, and oilier 
elcmenu. Seaweed fbr oiample contains about a dozen 
etements, including iodine. No melalliferoua deposits 
of eominereial importance have however been formed 
mainly by the agency of plants, although plant decay- 
products have played an important role in the preclpita« 
tlon from solutions of some metalli&rous mtnerab. 

In the formation of limestone, chalk, and dolomite, 
organisms have ofren been the chief agents either 
directly by life proeeaaes or indirectly by promoting 
precipitation of calcium carbonate by the ammontuin 
carbonate generated by decaying organisms. Some 
limestones, although originally of organic origin, have 
been rc-depcaited from bicarbonate of calcium carried 
by fresh water Into the sea and there precipitated as the 
result of a changed equilibrium in the solutions. 

Most surface waters cairy some iron In solution and 
under certain coodidoni the amount may be considerable, 
the maximum known being p per cent in some of the 
eircams of Guiana, South America. Usually the iron is 
not earned far and, when the ferruginous wateiz flow 
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intD bogs andswamp», the iron is precipitated as limonite. 
the hydrated oxide of iron. Bog iron ore has been worked 
in many couoiria but not on a large scale and| except in 
one or two instances, is xw longer of economic interest. 

Oolitic marine iron ores are, oa the other hand, of 
fint*race economic importance, for they are the mam 
source of our domestic supplies of iron, yield most of the 
metal in Europe, and constitute important resources of 
iron in other pares of the world. OoUtes are small, 
rounded, concretionary grains, resembling in form the 
roe of fuh. wlienec the oame was derived (Tig. tg, D, 
page 3O). The oolites may be composed entirely of 
calcium carbonate us in oolitic limestone; of the Iron 
esubonate, ilderite, or of iron*rieli chlorite (chamoslte); 
of the hydroxide of iron, limonltc i or of the oxide of iron, 
hematite. The iron-bearing coUtei usually contain tone 
colloidal silica and have been fortned by coU^dai 
processes. They are sliullow-waiet depoiiti which have 
derived iron from nearby decomposing rocks, and tbdr 
formation has been fhcilitaied by wave action and 
currents, and by rapid fluctuations in the water level. 
It WAS formerly thought thee (be iron had been intro- 
duced into pre*existjog otitic Umestene, but it is now 
generally believed that it was deposited contempora¬ 
neously with the oolites and that many complex changes 
look place during deposition. 

The oolitic iron ores in this country stretch southwards 
from Yorkshire through Lincolashire, Lcieestersbire. and 
Rutland zaie Noribamptonshire, (he chief ralnea being 
in Qevelind, Yorkshire. andinKorihamptonshlre. They 
are composed mainly of iroo carbonate and although 
(be ores are low grade, averaging leas thsn 30 per cent 
iron, the large scale on which they are worked, chiefly 
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opencA»t» make them by far the most important sources 
^iron In Great Briuin. 

The most productive oolitic iron deposits in the world 
are the famous *mmet(e* ores of Alsace-Lorraine which, 
in normal times, provided between so and 40 million 
tons of ore a year. They are composed mainly of limonite 
and, like those of this country, are of Jurasiie age. 

tiepasiU f 9 ntv 4 b/ EuipeTAlm ^ Su^at 4 tVefe/f. During 
the weathering of rocks, the easily soluble substances are 
carried by riven into lakes, seas, and oceans. Under 
certain conditions the dissolved subnaneca may become 
coneenmted to form mineral deposits of immense com- 
raerclal importance. 

&ustal movements in parts of the w<»rUI where folding, 
subsidence, and uplift have been in progrcai, may have 
given rise to closed basins or Inland sras, like the Dead 
Set in Palestine, the Great Salt Lake in Utah, and other 
baains in dry regions. In past geological times, notably 
during (he arid climate of the Permian and Trias, the 
evaporation ofsea-water, intermittently replenished with 
further supplies, resulted in the aeeumulalion of great 
thicknessea of salt deposits. Those of Cheshire in this 
country, the famous Staasfurt deposiia of Germany, and 
many others were formed in (his way. At Stassfurt the 
beds of rock salt range from a few feet to over 1,000 feet 
in thickness, and are associated with potash salts, and 
with beds of gypsum and anhydrite which are also pr^ 
ducts of (he evaporation of sea-water. The ideal succes¬ 
sion during imdisturbed evaporation of sea-water, com- 
meeclng with the least soluble substance and thus the 
Ant to be precipitated, is briefly: calcium and mag¬ 
nesium c^bonate; calcium sulphate; rock salt; and lastly 
the soluble salts of potash and magnesium. An almost 
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complete neeeisiofi of these mbiances occurs ia the 
SuMfurc deposits. 

Sodium oitrate is a very soluble salt aod occurs in 
nature only under exceptionable conditions. The nitco> 
gen it contains may be derived from the air by oiganisms 
and from ram*wa(er during electric atmospheric dis> 
charges, or as some believe, from the leaching of nitride- 
bearing volcanic rocks under arid conditioru. The only 
Imovrn important deposits of sodium nitrate ('Chile 
saltpetre’) arc in the Atacama and other deserts of 
BOrihem Chile. These deposits In normal times yield alio 
the world's chief supply cf Iodine. Some iodine is also 
obtained from seaweed in Japan, England, aod other 
countries; and from brine In the U. 5 .A. 

Borates, mainly as borax and kemitc, arc found in the 
neighbout'hood of hot springs and lakes in volcanic 
regions. The borates are depoaited as a thick en¬ 
crustation by the evaporatioa of the water and as an 
odlorescenM on the surface of desolate, arid plains such 
as those between the ranges of volcanic rocks in the 
deserts of California, Nevada, Bolivia, and Chile. 

Residual Vtpefits. In moist tropical and su 1 >tropleal 
regions of heavy vegetation, the weathering of rocks 
may extend to depths of too to 350 feet and more, and 
in soluble rocks like limestone, and permeable rocks 
which have been highly fractured, it may even reach 
depths of about a.ooo feet. Generally, however, weather¬ 
ing is confined to depths of 50 feet or so, and is greatest 
SB the sone above the level of the underground water. 

Many types of clays are the result of rock weathering, 
and when these remain in the place they were formed, 
they are referred to as residual clays. Among the most 
important of these clays is bauxite, the chief source of 
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AlumiDium. U i» » hydroxide of Aluminium, 

A 1 , 0 ,. aH, 0 , bui other hydroxides of the meul Are aUo 
present. 

Bauxiie deposit* were formed on or near ihe jurtAce by 
the decomporiiiofi, under moist tropical or sub-Trojaeal 
conditions, of clays rcsultiitf from the weathering of 
cltyey limestones and of Igneous rocks high in alumi* 
nium sillcAies. Under favour Able atmospheric conditions, 
and probably aided by bacteria, the clay has Ijecn robbed 
ofiB silica content end there bai been concentration of 
the alumina. The occurrence oflargc deposits of bauxite 
in temperaic regions In the U.S.A., Francr. Hungary, 
and northern Russia is considered l>y gr<i!.igUB as 
evidence, supplementary to other crilcrla, of the preva¬ 
lence during certain geological periods of tropical or 
tub-tropical climates in those regions. 

The iron ora of the Appalachians, those of Bilbao in 
Spain, and the famous Cuban iron ores of Santiago are 
among the residual deposits which owe their origin to 
the weathering of rocks. Some of the ohlef manganese 
deposits of the world, such as those mined extensively in 
Lidia, the West India, and Africa were also formed by 
a similar process. 

Raidual deposits may also be developed by the decay 

cfrocb caused by AiMoJiag solutions. The chief eennorme 
deposiu ef this kind In Great Briuin are the famous 
china-clay depodu of Cornwall and Devon. Before the 
second world war, our domestic production of china-clay 
was between 700,000 and 800,000 tons annually, with 
approximately 50,000 tons of mlcA<lay as a by-product. 
Ic will surprise many to learn that in tonnage of raw 
material exported frtm this country, ebina-day is nor¬ 
mally second only to coal. 
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Chlna<Iiiy is the product of decompodilon of felspar, 
one of the principal consticuenuofgr&nite, and of certain 
bigrhly felspathic undslones {arkoses) such as those of the 
RUen kaolin deposits of Gseeboslovakla. A common fel¬ 
spar in granite is onhoclaae, KA 1 SI, 0 |. During its decom¬ 
position 10 form china'Clay, or kaolin* AlsSiaO«(OH}«, 
the potash content and some of the silica has been 
leached out with the result that (bo febpar* which 
can only with difltculty be Kraiched with a knife, is 
changed into a soft white clay which has many industrial 
uses, notably as a filler fbr paper, rubber, and texUles, and 
for the manufacture of pottery. 

The decomposition of the felspar may be caused by 
descending surface waters, as in the ease of the U.S.A. 
kaolin deposits aod some others, including seme of the 
superficial occurrences in Cornwall and Devon. This 
kind of decomposition has misled many auihoritlet into 
believing that tU ehiAt*clay deposits are the result of 
surface-weathering. We doubt, however, if this theory 
U accepted for the West of England deposits by any 
geologist who has made a close study of our cblna-clay 
pits. On the contrary, the evidence in support of the 
theory that in Cornwall and Devon the main kaollniaa- 
don has been caused by aKcndlng hydrothermal solutions 
containing carbonic add, is particularly strong. The 
whitest and best china-day is obtained from the deepest 
piu, some of them 340 feet deep, and the kaolinieation 
in many instances extends considerably btUw masses of 
overlying unkaolinlzed granite on which buildings were 
erected before it was realized that in the clay areas solid 
granite on the surface ofien gives place in depth to 
valuable cbinB*clay depodts. 

DiposiUfamed fy Cenantratuin af SuislsfKU Cifodab/tg 
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Woiers~ Waters of aiffiospheric origin during rh^r 
paaage downwards througb ihe rocks become charged 
with small amounts of the carbonates of ralcium, sodium, 
magnesium* potassium, and of iron and other meiaU, 
andalso with silica. The dissolved salts may be depoiited 
bi open cavities and along dssum in the rocks during 
the docent of tlie waters and changes may occur in the 
solutiortf which give them renewed activity. The waters 
which return towards the surfitce after wlutt may be a 
Jong and circuitous journey to depths orhutulredsofrcct 
can thus become heavily charged with soluble salts. 
These may be precipitated awIrr to falling temprmture, 
by reaction with other surfhcc waters, or by ulMorpiion 
of (ho water into the luirounding roeb. In Utb way, 
valuable mirteral depoilH may be formed. 

Certata baste and uUrabaiie Igneous rocks rich in 
magnesium silicates alter readily under suitable eon- 
ditioni to yield valuable minerals uf economic import* 
4 DC< such as magnesite, talc, and asbestos, Magnesite, 
MgCOa, one of the chief sources of magnesium, can be 
formed by one of two main prMessei, some imporianr 
deposits bd ng due to the action of inlil trating oarbonated 
waters on turpentine, a rock formed by hydration of 
certain magnesian silicate roeb. Some authnritlea 
believe that the carbonated waters were circulating 
waters of atmospheric origin, bur others maintain that 
they were hydrothermal soiutioni emanating from an 
igneous source. Similarly, dilforent views are held 
concerning cbe origin of the solutions which produced 
talc (or *soapstoae' as it u called when in a massive and 
impure form) and asbestos by decomposing the rocb in 
which they occur. 

Some barytes deposits result from the concentration. 
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as barium nitpbatc, of the barium leached from rocks 
by circulating >vacers, but utsoy veins of barytes vero 
formed from ascending thermal waters of Igneous origin. 
Vanadium, uranium* and a trace of radium, 
occur in the mineral earnotite, a potawuin*uranium 
vanadate, in eertam Jurassic sandstones in Colorado and 
Utah, in (he U.$A. The earnotite is present usually as 
a bright'ycilow cryslaiilne posvder In beds and in fosil 
wood. The ores are not rich and contain only from i<5 
to s per cent of UOa and $ to $ per cent crv,Ot. They 
were formerly worked on a larger scale than at prcMBb 
Their origin is doubtful, but some geologists think they 
were concentrated by ccreulaiing waters which derived 
their material by leaching from neighbouring rocks. 

The copper deposit of the cupriferous shale (*Kupier* 
sehieferi) of MansMd in central Germany, which has 
been vp^i'ked almost continuously for about Boo yean, 
occurs as a dun bed less than a yard In thickness and U 
covered by a marine limcatono. Many authorities 
believe (hat the copper minerals were deposited la a 
shallow sea into which flowed eopper*bearlng waters 
from an eroded mineralized area. Others do not accept 
this view, and have produced strong evidence in support 
of the theory that the copper was transported by 
mineralising solutions from an igneous source, thus 
assigning to the MansfelJ deposits the same genesis as 
that established for most of the world’s copper depobts. 

SacoNDAAY Ckaisou in Minbeal Dsrosrra 
Many mineral deposits have undergone eonridtrable 
changes since they were fint formed. These changes 
have been caused mainly ilirough (he agency of des' 
cending surface waters and are termed ‘supergene 
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chan^ to dutingui»h them from the ‘bypogene* offecu 
produced by ascending hydrolhermal loluiJona. 

Ac and near the surface (be waters are usually rich 
ia free oxygen and contain carbonic add. Unstable 
minexaU like the sulphides of lead and sine are oxidlted 
to form the carbonates of these metals. The production 
from many large lead*tiac mines, in their early stages, 
has been chiefly from these oxidiecd ores v/birh, in a 
favourable environment, may extend to depths of a few 
hundred feet before tite primary, or unaltered galena 
and ainc'blende deposit, is reached. 

Oxidation li In most eases confined to the xnne 
occurring above the permanent water level. If tcrittin 
urutable sulphide minerals are present then changes of 
great economic imporianco may persist to coniiJcrable 
depths, especially in highly fissured rocks, In soluble 
rocks like limestone and dolomite, and under arid 
cooditioAi where the descending solutions are leas diluted 
by rain water than in wet climates. 

Particularly important and interesting ore the super* 
gene processes to which some copper deposits have been 
subjected, with the result that they show characteristic 
changes from the surfree downwards. Usually, the 
sulphide of iron, pyrite, is present In copper ores. This 
mineral is very unstable, being easily decomposed by 
oxygenated waters into the reddish'brown iron mineral, 
lixnonite, with the liberation of sulphuric acid. Chal* 
eopyrite, the chief primary sulphide of copper is also 
unstable. Some of the iron it contains changes to limonite; 
some of the copper is oxidised into the spectncular green 
and blue carbonates of the metal, malachite and aaurite; 
and much or all of the copper may be carried dowit* 
wards in solution as copper sulphate. As solution 
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descends, tbc co ppe r it eootsias oAy be re'4epo$itcd at 
and below tbe pennaoeci viVer level la the form ot 
chalcodce, Oi^ and covelHie, CuS. These nilphides of 
copper are much richer is tbe taeal tbsa the orifinal 
cbalcopyrite, for wfaereu the chafeopyrite contains 
94>S per cest of copper, chakocite has 7^4 per eeot 
and covellite 66 4 per cent. Ihis prcccsi is known as 
'secondary sulphide enrklunent of eofqser'. 

Tbe outcrop eft c opper deposit is thus oflen composed 
of a reddisb‘browB fooas, or ‘iron bat*. Below it as a 
‘leached soae’ from wfaidi meat of the copper has been 
carried away in sohatioe. Between the leached and 
the underlying water level, the carbonates and the oxide 
of copper may oceair, and they arc followed in depth by 
the most valuable part of the whole eetbody, namely 
(hat of the zone of seceedaiy sulphide enrichment. 
This lies imraediatelv above the unaltered, or primary, 
tone where in feocnl (he copper content <f the rock, 
relative to that io tbe rich sene, is much poorer and often 
unworkable. These superfeae «hao(<s in a copper 
deposit are Ulurtrated ia Pifi. 4B and 49. 

The Fokm ahd Smuervas of MmxsiAL Dtroem 

The forro in which roineral deposiu occur depeads 
mmoly on their asode of origin, tbeirmbsequentdeforma* 
tioB as tbe rmuli of crtuiaJ Bovanents, and the changes 
to which they have beoi su^ected by natural weathering 
agencies. 

Mineral deposto are eoevmieotly diridod into two 
main classes, rysgoweir and Th«c of 

syngenetic origin were fonoed by proccses similar, 
almcet rimilar, to the pro ceacs in operation during 
the fonnatioo of tbe csKlosiag racks, whereas those 
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of opigenttk crigio vrere mlrodueed into pro'^xistuig 
rods. 

S^gemtu Dtp^iUi may be cf m^jnatk or of Kdiment* 
ary origio. They iscbidr eooceticraooru of useful 
ounerals such as ma|:aetite> dtromlie, and diamonds 
which have separaced direct hem the tpagma, and also 
scdimenCary beds of eealj lignite, gypeura, rock ia]i, and 
of many other minerals. 

Tliose which are of magmatic orifia may be very 
irn*sular in form, bat more generally (hey are seme* 
wliai tabular or Icmkular, nod merge gradnikaally into 
(he hnrt rocb. They may be wholly in the ignuous reck 
with which ihry are geoetieally rcbted or may lie along 
its margin. They may vary in (hseVnrtt Tram a few 
inehca 10 hundreds effect, and In length from a few yards 
to over a mile. 

Sedimentary beds were originally laid down as 
horizon tnl or nearly bonaonial iheet 4 ike Hat m* lentic* 
ular masses, but may subarquenily have been (bided, 
ovCTiblded, and faulted by crunaJ movemenu. rsrallel 
CO thdr bedding (hey may cirtend for tnany miles, and 
in thieknes may vary from a Jew laches to hundreds of 
(eet artd, exceptionally, to many thousands of feet. 

BpijttMtk have a greater variety of Jbrnu thaa 

(he lyngenetic deposits, Jbr (bar mode of occurrence 
has not been controlled to the tame extent by the rocks 
surrounding them. 

Those which have been depots ted an fissures in pre¬ 
existing rocb occur as aBar, wfaicb are usually stedply 
dipping tabular mascs having a Jar greater extent in 
one direction than at right angle the re to. Tlse direction 
of a horisofttal line m tbe pUoe of the veiQ is koown as 
ib ttrik *; and the vertical angle betweas a horizontal 
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pUne and tbe plane oT the v^, w iu ^p. It is thus 
evideoi that (be strike and the dip are always at right 
angles to one aoother. If a vein has a dip of 6o degrees, 
its Wr or wltrOe ia 30 degrees, (hat is, the complement 
of the angle of dip. A vein or lode may, along its strike, 
have a length of thousands of feet whereas its ihicitnesi 
may be only a foot or two. 

A vein may have well'defined which separate (he 
mineralised material from the adjacent barrt n rock. 
The hoiigint loell is the one above, and tiie^cMilf iho one 
below, the vein material. The walls may be SRU>oth and 
separated from the vein by el^ ge««r, or the vein :iiay 
a^ere closely (o the wall rock, when it is said to be 
'froaen to the wall^ 

It is frequently the case that instead of one fissure, 
there are sever^ parallel or approximately parallel 
fissures which have been infilled with um(\i1 metal lifcroui 
minerals to form a mihcralized tone. The individual 
veins may be wide enough to be worked as separate ore- 
bodia, or they may be narrow and closely spaced to form 
a i/mltd or ifuar csns which U mined as one body. The 
mlnersJiaation may have followed narrow, irregular, and 
discontinuous fissures randfying through the rock to 
form a jiockwerk, which Is also rained 11 one mass. 

Lenticular veins are of common occurrence, c.ipecially 
in ihaley rocks which have been meiamorphosed Into 
phyllites or schists. Such Icns-like veins may vary la 
length from a few yards to a hundred or more yards, and 
ihdr d^th is generally much less than their length. 

In most mineralized areas the veins have a tendency 
to occur as MW rjuSmr. The main lerlei of veins In such 
a system may have a general strike direction, and 
another series may be at right angles or at almost any 
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angle to the main wries. Two or mom veizu mny 
coalesce aod it a not to find a richer *ahoot’ of 

ore at $ueh a juaetuo. 

In some veins or lodes, eoascs of the ‘country rock' 
—that is (be unmiDenliaed rock through which the vein 
traverses occur wiihio the veio osateriaL Such fnaises 
are known as ‘bones*. 

If the minenliaation has be» confined to the fisiurei, 
the vein material usually diSen markedly in appeanctce 
from the wall roda. Vay commonly, however, the 
icineralisinf solutions have been forced into the sur¬ 
rounding country rock and have replaced it for a fow 
inches, sometima for several feet, beyutd the walk by 
uselUl minerals. The loDie of workable ore may thus 
net be apparent to the eye and eao be aseertained only 
by sampling and aaaying. Ihis is often expresstd by 
luting that the deposit has ‘assay waUi'. 
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DISTRIBOTICN AND PRODUCTION OF 
SOME OF THE CHIEF METALLIFEROUS 
MINERAL DEPOSITS 

The dSOOiumcAi. distribution of mincrol depositi is 
beyond the control of man. It is governed by geological 
condiiioni and ii independent of political boundaries. 
Minerab are obtained from vridoly acaitercd parts of the 
globe and no indtutriti nation within its own boundanei 
has sufficient of every minerai raw material It requires. 

The vui m^ority of primary deposits of metalliferous 
minerals were formed by ascending mineralixing lelu* 
dons that came from a magmatic source, and they usually 
occur la cloK proximity to the igneous rocks with which 
they are genetically related. These igneous reeks are 
commonly connected with larg^seale crustal icldlng 
movements and are q^arially related to mountain 
lyitems which, in varying degrees, have been eroded by 
weathering preeeisei. Thus it b that the Andes, the 
Urals, Caucasus, the Main Granite Range of Malaya, 
together with mountainous regions now deeply eroded, 
provide t great deal of the world’s gold, silver, platinum, 
copper, lead, zinc, tin, tungsten, and other metals. 

While some parts of the eanh*s crust are favourable 
for the occurreoce of certain mineral species, others are 
definitely unfavourabJe for the same minerab. For 
example, caadterite, Vibich yields virtusUy all the world’s 
tin, b never found in economic quantities except in 
association with acid igneous rocks of the granite family. 

^$4 
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On the coamy, ehrocoite, the only «mree of chromiom, 
h invariably aiaodaced with and uluabaac 

^eow rocka. 

Ceruia epochs m (coloska] hartory were chaia^ 
ttriecd by periods of totcnjc nuDeraliaadeo, while others 
added little to cunenl wealth. In pre-Cambhan 
ihert were periods of freat addition to the world re¬ 
sources of (old, silver, copper, nickel, iiesi, atMl chromium. 
Between CarbooUoous and Triassic limes, the tio-lodes 
of Cornwall, the baous pyritic deposin of Rio Tinto in 
>^pain, and many other noiabk depmits were (bnned. 
2 >iriQ( the Jurasik period there were exienaive incur* 
sioos of the sen over many pans of Europe and to some 
areas there was prolific depodtioo of oeliiio iron orm, 
such as these of Lorraine, and tbeae of Enjland which 
stretch soutbwstrdi from Yerhshirc to Northamptonshire. 
TheTertiary ep oc h was also a time of intensive mineral* 
iution in many pons of the worldi giviaf rise to the 
formation of the (reat copper depots the United 
States and Qule, the unique molybdenite ores of 
Colorado, the silver treasms of Peru, the chromite 
deposits of TWkey, aod the rich (old^ver vein of 
Nevada. 

Some formerly important mminf districts are now 
derelkl, othen have passed their south of productioa 
and are approaehinf enhaurtioo. There arc, however, 
numerous mining fields still m ihor early staga of 
development, with great potential resources. The shift 
of producing centres has in goseal been so districts long 
known to be mioermliaed, where numerous mines 
formerly worked as indepesdeat units have been 
integrated into major undertakings operated by modem 
mcchanicsJ means. 


IjS KINBRAU ANP MINERAL DBROStTS 

The dUtribullon »7^d produciion of some of the 
priccipiJ meullirerous deposiu of the world ere outlined 
IB the following p^ei under the metal for which they are 
worked, and the cum distriew where they occur are 
shown on the accompanying raepi, Pip. 5 ® 5 a> 

Although alumimum b proent in clays, 
smU, and many rock silicata, and is the second mwe 
abundant metal in the carlh’i crust, well over oo pcf 
of the world supply b obtained from one raw maw^l, 
bauxite, a rock composed of a mixture of aluminium 
hydroxides, such as gihbsice, Al(OH)i, and diaspure, 
A 10 ( 0 H). Roughly, four tons of bauxite aro required to 
yield one ton of aluminium metal. 

Cheap electrical power is essential for tlie extraction of 
the metal, but it is exceptional for such power and large 
depoelu of the raw material to be available in the same 
country. Thus, Germany and Canada, tvro of the chief 
producCTt of aluminium metal, imported almost all the 
bauxite they used. 

The annual world consumption of bauxite In pre-war 
days was about aj million tons. Prance was then the 
chief source of supply with a yearly production of 

600,000 tom; Hungaryyieldcd 350,000 tons; theU.S.A. 
300,000 tons; and British Guiana, Yugoslavia, luly, and 
Dutch Guiana each about 350,000 tons. During the 
recent world war the world output of aluminium metal 
reached a peak of nearly two million tom in 1943, British 
Guiana being the rotin source of bauxite supply with a 
teenage approaching the two million mark, most ofwhich 
wxs erported to Canada for treatment. In addition » 
the countries mentioned, Rumania, the U.S.S.R., Nether- 
bnds E. Indies, Greece, and the Gold Coast contribute 
imporrant supplies of bauxite. 
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Olheralttciuntujn*beannf miuerab which are tued to a 
lirniied extent for the extmtion of the metal are leucite, 
KAlSiiO^t in Italy; aepheline, NaAlSiO,, and lignite 
asHeSi in (be U.S.S.B.*; andaliuite, AlaSiOg) and eoruii* 
durOr AlaOa, to Sweden; and alunlie, KAI|(S04) t(OH) i, 
in the U.S. A. Ateempa to extract aluminium from chioa- 
clay in the U.S.A. and in this country have hitherto 
proved unsuccessful. 

Copper, The enoroxoxu demand for copper during the 
last three decades stimulated copper mining to such an 
tfcient that of the total world production during the past 
too yean, more than 75 per cent of the metal has been 
obtained in the last quarter of a century. 

Although copper minerais are very numerous and 
widely distributed, yet cloee on 80 per cent of the world 
supply of the metal cooes from four regions^ namely, 
the Rocky Mountain and Great Basin region of the 
U.S.A.; the pre*GaiAbna» rocb of northern Michigan 
and of Canada; the western ilopa of the Andes in Chile 
and Peru; and the Central African plateau of Northern 
Rhodesia and the Belgian Congo. 

For the last half'century the United States of America 
has been the foremost producing country, and In 
recent years has yielded about 45 per cent of the world*i 
copper supply. The chief producing centra are in 
Arizona and the adjacent Stata of Nevada, Utah, 
Colorado, and New Mexico. Butie, la Montana, is 
smother Important copper held where, within a confined 
sirea of 8 square miles, there exists the 'richat copper 
bill on earth*. 

Chile ran 3 (s second to the U.S, A., whh a procluctioo 
of 15 per cent of the world total, lu atlmated raerva 
of 1,850 million tons of a per cent ore in ($56 were the 
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of aay couiury. CboquicaauB, ia borthom 
C 3 ul«, U wltMifH the Easiest eopptf in the world. 
The district arouod Braden, and that near PotreriUos, 
are the other two main productive ceocres in C&Ue. 

Canada a thud ia the Im ^ ce ppe t producers, and it 
h incerestuif to note that, usiHke the ptoduciion from 
other countriei, the Canadian output a obtained from 
ores in which other mecaJs, web aa and nkicd» are 
more important conidcuesa. The yield of Canada ii 
about 13 per cent of that of the worid, and b derived 
chiefly from Sudbury in Oniarw, Nceaada in the Rouyn 
diitriei of Quebec, the Flaa Floo district of Manitoba^ 
Saskatchewan, and frem mines in British Columbia. 

Northern RhodesSa, with aa output almost equal to 
that of Canada, has the moat impertant lin^le copper 
belt is the world. With its pre<^ reserves of about 
500 miJlioa toni of 4 per cent copper ore it has, within 
the lait two decades, become of eutstaadinf importance 
as a present and poteaibl source of the metal. The 
Rhodesian copper belt coatinaes into Katanfi in the 
Belgian Googo, and that country yields about 5 per cent 
of the world's copper. 

Other copper*produdrv countries are the U.S.S.R., 
Japan, Cennany, Yugoslavia, Pmi, Mexieo, and 
Australia, approumaiely in that order of tmportsmee. 

For the five yean ended in 193$ the average annual 
world production of co pper was 1,750,000 tons, but 
during the recent war the yeariy output reached nearly 
three millton tons. 

GoU. Gold occurs in all gcokigical formackms, from, 
the oldest to the youngest. It hfbuiKlia all countries sod 
is present in the waten of seas and oceans. Altbougfa so 
ubiquitous la ks distribution iti oceurrcDce in ecoBomic 
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quantiiiesis, nev^rihcless, co&fified lo wrtsin mincraJKCd 
regions, ttiinly to 6o«e wh«e igneow rodca of mler- 
caodiAie and lUidc conpoaltioD were Intruded, a*d to 
alluviid and detrital deposits derived thereTrom. 

Since idC^Sooih Africa bu been the chief producing 
^ntry. The famous goldfields oftheWiiwatcrsrand in 
Transvaal alone yield more than a third of the world’s 
gold, from a serls of quartz conglomerates known as 
•banket reefs'. The discovery in the Orange Free Stale 
of similar reels, proved in recent year* in bore-holes, 
may herald the birth of an extremely valuable gold* 
producing region. 

For the five-year period preceding the recent world 
war, the U.S.S.R. was the second largest producer, yield- 
iogabouione'ieventh ofthe world total. Most of the gold 
is obtained from alluvial deposits in the Lena River 
region, in the Urals, and in the regions of Vakul and 
Yenesai River. The most productive aurifbrous lodes 
are In the Trans-Baikal re^n in the districts of Belei, 
Darasun Ticagara, and MioussinsV, the Beld mine being 
the most imponaot. 

Canada has for many years contributed much of the 
world's metal and now ranks third In the list of gold- 
producing countries, yielding close on one-seventh of 
the world total. The two chief goldfields are thcK of 
Rorcuinne and Kirkland Lake in Ontario, which 
together yield about 6o per cent of the Canadian output. 

The United Slates of America, once the second 
largest source of the caeial, now produces somewhat less 
gold than Canada. Among its many goldfields, the 
chid'ones are those of the Black Kills of South Dakota; 
the Mother Lode, Grass Valley, and the placer deposits 
of Califbroia; Cripple Creek in Colorado* and Juaeau 
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«nd Nome ia AUaki. The mcu ^oductivt mbe i» 
HoBiestftke is Sou(h Datoa. 

Iq 1941 the total worid produetMa of gold atcoedod 
41 millioo troy and in normal tun«s it will again 
reach and may even aurpaw that ligwo* Sovosty-fivo 
per ceol of (He total waa obtained from South Alrica, 
the U.S.&.IL, Canada, and the U.S.A., the remainder 
being, in order of importance, from AuMralasia, South 
America, Japan and Choeea, Wen Airka, Meuco, 
Belgian Congo, RhodeaU, India, and ocher eountria. 

Inn. Iron u one of (he aon abundanc tneialc io the 
eatchS cnMt, and the meet »«>«(« ia modem 

industry. 

Alchough iroD'bearing minerals are very numeroua, 
four only of them are importaac aourcea of (he metal. 
These are magnecitc, FeaO«, hemacite, Fe|0|, limonite, 
FeO{OH) .nHfi, and cidcriie, PeGQ». 

The world production <i iroo ore varies considenbly 
with economie coodttioiw and during the last decade has 
ranged &ora 140 to eao toes, whilst (he yearly 

output of pig iroo has frequently ow o eded 100 otiUioti 
tons. The U.S.A. has for tong been the foremost pro> 
ducer of both iron ere and steel with an output of more 
than a third of (he worU total, i(spre*war production 
of steel more than twice (hat of Germany, the 
nearest Kval. In recent yean the ^ectaeular increase an 
the U.S.SJL output has brought that country into 
second place to the U.S,A. in (he production of ore and 
steel. Pritf to the war France produced approximately 
16 per cent, Sweden 6 per cent, and Crest Britain 6 per 
cent of the world total of cron ore, with Germany, India, 
and Luxembourg as oiho ixopwiant sources ^ ore. 

Iron ores arc formed under variow geologieal condi- 
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lions And Are widely distribuied. In the U.S.A. the iron 
nioges of Minnesota, Wbcoiuln, and Michigan contain 
the largest and richest henatite de^U known, and have 
hitherto supplied about 8,000 million tons of iron ore. 
Next in importance in the U.S.A. to these Lake Superior 
deposit! are the Clinton ores of Alabama, the third largat 
pr^ucing Stale. 

In eentral Europe exteiuive sedimentary deposits 
of iron ore occur in parti of Lorraine, lAixembourg, 
Belgium, ar>d Gerroany. Those of Lorraine are the mo«t 
productive of all limonitic deposits and in pre*war days 
yielded annually some 35 mUlion tens of iron ore. 
Somewhat similar to those of Lorraine are the English 
Jurassic oolitic Iron ores which stretch southwards from 
Yorkshire through lincolnshire, Leicestershire, and 
ELuiland to Northamptonshire. The chief mines are 
neat Qeveland in Yorkshire, Frodingham in Lincoln¬ 
shire. and in Northamptonshire. In 1943 tbe iron ore 
production of Great Britain rose to about 80 million 
tons, more than 90 per cent of which came from the 
Jurassic irooiones, the remainder being from the 
hematite mines of Cumberland and Westmorland. 

The most productive of all magnetite deposits are cheae 
of Kiruna and GelUvare in the north of Sweden. Of the 
normal annual production of about J8 million tons some 
7 Dii llions were exported to Germany and about a third of 
that amount to England. Among the extensive depodts 
in the U.S.S R. arc cheae of Krivoi Rog in the Ukraine, 
of Magnitnaya In the Urals, and of the Kuznetsk region 
in Siberia. Considerable reserves of ore occur alto in 
India, Australia, North Africa, Spain, Norway, New¬ 
foundland, and several other countries. 

Uad and The moet important source of lead is the 
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mineral galena, PbS, and the chief ore mineral of bac 
u s]>halente, ZnS, often known as tine blende. These 
two minerab, and their oxidation products* Oequeetly 
occur together and are worked la the same coine. 
Indeed, there are few mineralised districts where lead 
and sine minerals oocur u separate orebodio, and in 
many nines these minerals are also associated with 
eopper ores. 

Although small lead miaei are widely distributed, the 
main source of supply comes from relatively few regions 
and from exten^ve orebodies. Some of these are 
approaching exhaustion, and as there have been very 
few discoveries of notable lead deposits within recent 
years, the world shortage of the metal will probably 
stimulate the exploitation of numerous small orebodies 
serving conveniently sited large central planes. 

The normal annual production of lead and zinc 
ranges from to 9 million tons of each metal. More 
than a quarter of the total lead is produced to tbe U.S.A.* 
mainly from south-eastern Missouri, the Coeur d'Alene 
district ofldaho, Utah, and the Tri-State area (Miaiouri- 
Oklahoma-Kansas). Austrstlia provids about one- 
seventh of the world’s lead output, mainly from the 
famous Broken Kill diitrlct of New South 'Wales. 
Canada’s yield of approximately ono-eightb of the 
global production Is t^iefly froai the Sullivan mine in 
British Columbia^he largest Individual lead-rino mine 
Id the world. Mexico produces little leas than Canada, 
principally from the rich leadeilver-tinc deposits near 
the centre of the country. These four countria together 
supply about two-thirda of ibe world total of lead metal. 

Other important lead-producing countries include 
Burma, mainly from the Bawdwln mines: Oermany, 
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chiefly from the miAerftlized PolUb'Ccmwa duirict of 
SUesiA; idid Yugoslavia, notably from the Trepca mine. 

Most of the couDiries and mines which are important 
producers of lead are also prominent as aotirecs of ainc. 
Whereas, however, the U.S.A. yields a quarter of the 
world’s lead ju output of tine ii in even higher ratio, 
being about onC'third of the total. Most of this pro* 
duction comes from the Tri*State district of Missouri* 
Ohlahoina*ICansas, the greatat sine region of the world, 
and the franklin Furnace area of New Jersey. The 
deposits of the latter region are unique in possessing a 
peculiar suite of zinc minerals, not associated with lead 
minerals and not found in workable quantities in any 
other part of the world. 

Afegunum. During the last few years there has been 
a rapidly snereased demand fer magnesium, one of the 
lightest of all metals, for the manufacture of light alloys 
used extensively In aetoplana, motor vehicles, and fer 
many other purposes. 

For the five years prior to jpjp the annual world 
production of the metal was roughly 35,000 tons, more 
than half of which was made in Gemany, the U.S.A., 
Aod Great Britain each contributing about 4,000 cons. 
The iasatiabJc war demand and convenient sources of 
nw material led to vastly increased production of 
magnesium io the U.S.A., Great Britain, the U. 5 .S.R., 
and Gensany, che estimated world output of the metal 
io 1943 being approximately 050,000 tons. 

Magnesium is extracted from the mincrab, magnesito, 
MgCOi; from dolomite, CaMg(CO|)a; from magnesium 
chloride obtained Irom carnaUite, KMgCl^. 6 H, 0 : from 
brucile, Mg{OH)i; from natural brines; and in great 
quantities from sea*water. 
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la nonnal (be world coosuinption of 

megnoite—which has ioiponant ums b additioa to 
being A chief source of ougaeaua metal-'was spprta* 
iroAiely 3 , 900,000 tons. Tbe U«S.S.R- production was 
600,000 tons, Austria 450,000, Maocbukuo 500.000, sod 
the U.8.A. and Greece fittt 160,000 to 300,000 (ooj 
annually. Meet oS (be German production of (he meal 
was deri^^ freo magrteaium sala obtained from the 
camallile-beari^ depoau of Stanfim, and from 
Austrian magneutt. GenMder^fe amounts of ibeU.S. A. 
nagnesium is ectraeted from brines and a targe sea-water 
plant operated b Tatas. In seme countrio nagoesite 
constitutes (be chief raw material, and in England and 
elsewhere a very eoniidenbk tonnage of tbe metal has 
been produced b sea-water plaais. 

MMttfUM. Manganese is one of (be most important 
metals, far not only b it an Ingredient of y e c ial mao- 
gaoese steels, but it b abo virtually eoential in the 
manufacture of all carbon steeb. 

Almost all (be manganese of bdusuy ia obtained 
from two black onde mber als pyr^udte, MnO^ and 
psilomelaoe, an ia4>ure hydrated oxida of manganese. 

For tbe five yean ended in tp^B the annual world 
productioo of rea^CMiae ere avenged 4,860,000 tons. 
The U.S.S.R., the faceoMt prodwor of the on since 
1939, yielded 9400,000 los», or more than all the reat 
of tbe world I Durii« tbe same period. India averaged 
750,000 tom, Gold Coast 400,000. South Africa 300,000 
tons, and tbe bulk of tbe cemabder was obtained from 
Cuba, Brasil. Egypt, and Oieehoslovakia. 

The two oucstaadbg manganae fields of the world ate 
at Nikopol b ibe Ukraine, and at Chiacuri (Tcluaturi) in 
tbe Caucasus, which cegetbes yield meat of the groat 
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Russian output. In India, extensive and rich deposits 
oecur in tHe Central Provinees, Madras, Bihar, Bombay, 
and Mysore, the principal centres of production being* 
the Balag:hac district of the Central Province and the 
Saodhur State in Madras. 

During the recent world war, when supplies to the 
Allied Nations from the U.S.S.R. and India were cut oft 
or seriously impaired, greatly increased productions were 
eseported from South Africa and the Gold Gi>ast. Then 
the Posimasburg deposits, north-west of Kimberley, 
yielded annually some 600,000 tom and the Gold Coast 
more than 500,000 tom. 

Mekil. Virtually all the world*s nickel is obtained 
from the two minerals, pentlandite, approximniely 
(Fe,Ni)S, and the green hydrous nickebmagTiesium 
uiieate, gamicrite. 

The annual world production of the metal during 
recent yean has fluetuated between roo and 150 thou¬ 
sand tons. Canada alone produces about 86 per cent of 
the global output, the French island of New Caledonia 
Id (he South Pacific 8 per cent, and the U.S.S.R. a per 
cent, the remaining 4 per cent coming from numerous 
minor producing centres. Prior to J905 New Caledonia 
was (he principal source of supply. 

The Canadian output is obtained from the famoia 
nickel field of Sudbury in Ontario, which dominates the 
world nickel production, In addition to the nickel 
recovered from the sulphide mineral pentlandite, there 
comes from the same mioes»the chief of which Is Frood 
—a large amount of copper, silver, and selenium, 
together with most of the world's present yield of 
plaiinun metals. 

lo New Caledonia the nickel mineral is garaierite, 


DISTRIBUTION AMO ^BODUCTIOM I49 
which occurs sporadically ttcai the cur&ee la small di> 
coDiinuous vans aad poclrco in weathered serpeatiae 
roeb. 

Nicfceli£eroto sulphide depoBit dAilaria many respects 
CO those c£ Sudbury, but ooc » extensive, occur near 
Petsamo in EliilaiuS. These have recently been aeqtiired 
by the U.S.S.R. 

Raditm aad Uranium hoM a rare coosticueat 

of the earth*i ova although workable deposits of ura> 
nium minerals are very rescricied in their occurrence* 
Radium, a disintegcatioQ product of uranium, h, how¬ 
ever, a rare element and h often not present in economic 
quantities in uranium depedta. 

The meet important of the uranium minerals la 
uraainite, UO«, the ccUoform variecy of which h gener¬ 
ally known as 'pitchblende* 00 account of ia pltch-like 
a^earsnee* Other uraaiuo^bcarii^ minenls include 
the yellow line uraniie, autunite; the yellow vinadaie 
ot uranium and potamium, carnoUte: the green copper 
uranite, torbemite; the orange hydro-uranace ef lead, 
curiie; and cbe black cocide, thoriante, chledy (Th,U)Oa. 

The principal radhuB-unoiuin dq»o»its of the world 
Sire those on the there Great Bear Lake in the Norih- 
West Territories of Canada. They were discovered in 
1930 and within a few yean the world's supply of radium 
was greatly lAcrtased and the price, tmti) then controlled 
by a Belgian cont^aoy. was lowered cossideTably. The 
pitchblende of Great Bear lake a aasodated with native 
silver and with eobalt-oiekd anemdea. The eoneentratea 
are transported by air to railhead and tbenee to the 
refinery at Port Hope in Ontario. Uranium used in 
making the atomk bomba was obtained Irom the Great 
Bear Lake depoeia. 
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UanI the ducdvery anfj developBient of these Canadian 
depotiu, (he cnain source of radium and uranium su^ 
plica was from the Ghinkolobwe mine in Katanga, BeU 
gian Congo. The ores consist of pitchblende and iu 
spectacularly eoloured oxidation produeu» one of which 
is the deep-yellow mineral curite, named after the dli* 
ceeerer of radium. 

The mines of Joachimaihai in Caechoslovmkis, made 
famous as the source of the pitchblende from which 
Madame Curie Arsi extracted radium, still supply a little 
radium and uranium from nickel-cobalt veins. 

Before the development in 19B3 of the very rich 
uranium deposits of the Belpan Congo, (he eamolite 
ores of Colorado and Utah supplied most of the world's 
radium and uranium. Those ofColorado are still worked 
on a lotll scale (bt vanadium, with radium and uranium 
as by-products. UoUke the Canadian and Belgian Conge 
uranium deposits which were formed by ascending hot 
mineralizing solutions, those of Colorado are of sedi¬ 
mentary origin. 

Pitchblende is known to occur is small quantities in 
some of the tin-mining districts of Cornwall and Devon, 
of Portugal and north-west Spain, and minor deposits 
exist in South Australia, Madagascar, Norway, Sweden, 
Mexico, Pern, and Argentine. Some years ago pitch¬ 
blende was extracted from a number of small 'radium 
mines* in Portugal. Practically 00 information is avail¬ 
able about sources ia the U.S.S.R., but uranium nunerali 
are known to occur there. 

Recent Statistics concerning the world production of 
jadium and uranium have not been released. lo 1938 
Canada produced 73 gm. of radium and 800,000 lb. of 
uranium salts; the ir. 5 >. yielded 8 gm. of radium and 
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53,coe lb. ofumuuAi; And vasH 193$ the BdgUn Congo 
production of uniuuis saJd wu 50 pa cent more 
ChAt of 

SibfT. Silver occurs in nneure in the form of metn] And 
Also in eombioAtioo with other clcmcno, mainly ai the 
mlphidCi argeatiie, AggS* which is a eomiDon aitociace 
of the lulpbides of tend, cine, and copper. Thus it u 
that more than half of the world’s nJvo' is obtained 
ai a by-product from miaes worked chiefly (or other 
metab. 

The avenge annual world produecioa of silver In 
normal timea was b e ew eea 341 and 042 million troy 
ounces. A third of thii total caste from Mexico, which 
for the last three ecnturics baa been the principal source 
of the OMtal. The depesits In Mexico form part of a 
mineralised belt wbkh extends nortbwards to Utah and 
Nevada, and thh part of the North Aa>erlean Cordilleras 
yields about half of the world's silver* (be mayor part 
of the Output obtained from lead reins. About 
aj per cent of the global productioo caase from the 
U.&A., the chief States* la order of importance* being 
New Medco* GalUbnla* Aroena* Idaho* Nevada, and 
Utah. 

Canada U third in the list of producing countries and 
yields about $ 5 per cent of the total. Europe supplying 
6 per cent. Peru and Australia each cootrUwting j ust over 
5 per cent, tn be followed an twa by Japan* U.S. 3 .TI.. 
Burma, and Bolivia. The Andean region of South 
America was for long the princapal source of nlver. It 
includes the copper ininre cf Cerro de Pasco in Peru, at 
present the world's foremcac producer of slvtr, and the 
DOW largely eaihaustcd Pocod dbtrici la Bolivia, fomed as 
the ‘richest bill on earth’, which is reputed to have yielded 
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XQOre (ban million ouaees of silver since it was 

discovered 400 years ago. 

Tot. The vrtvld’s supply of tin is obtained virtually 
from one mineral* easiterite, SnOa, only a very small 
perceouge being derived from suiphides of (In which 
accompany casicerlie in paru of Bolivia. 

WorkaUe deponU of eassiterite are rcs(ric(ed lo 1 few 
pareior(heear(K*s crust. In Canada ond the U.S.A. (here 
is not a single tin mine; the whole of Europe yields less 
than v$ per cent of (he world total, and more than half 
the Eurepean production is obtained from Cornwall. 

The chief (inHelds of the world can be resolved into 
five *mera]logenetie tin provinces*, that is, to parti of the 
earth where tin mineraliaation with respect to each group 
or province was efTeoted during the same geological period 
under limilati or almost aimilar, condition!. These five 
groups* with their average annual percentage of world 
production for ch< ten pre-war yean, 1949 to 199Q, are 
aa follows: <i) Malaya, Netherlands Bast Indies* Siam 
and Burma, Sr? per cent; ( 11 ) Bolivia, j 8'0 per cent; 
(ui) China, 57 per cene; (iv) Nigeria, 49 per cent; 
(v) Belgian Congo, 9 >6 per cent* making a total of 99 9 
per cent of the world output. The three outstanding pro¬ 
ducers are the Federated Malay Sutei, Netherlands 
Indies, and BoLvia. 

The principal sources of tin In most parts of the world, 
ocept in Bolivia, are alluvial and detrital deposits where 
(be oasiiierite has been concentrated by natural pro¬ 
cess. They are surface deposits of Emiied depth, many 
of which have already been worked cut, others arc near¬ 
ing exhaustion, while some will continue to supply tin 
for many more years. It is inevitable, however, that the 
time is not far disuac when lode mines, such as those of 
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Belivia aad Cccnwall, will afibnS tbe chief sourct of 
fu^y. 

Tbe avenge •f»wiiai world produnioo of tbe metal 
during tbe five pre-war yean 1954 to 1938 wi» iGo.aoo 
torn. During tbe recent war, vdieo Japan occupied tbe 
eountnes wfakb oMmaUy produced cwO’thiids of tbe 
world output, the yield deereaaed fmtly des^te iniea- 
rifled produetioa in BoUtda, Nigeria, tbe Belgian Coofo, 
and in Cornwall. 

TvxgtUH. Wetframite (or wolfram), (Pe,Mn)W04, 
and Kbeelite, CaWO« are the two chief mixteraU whicb 
yield turtfsten, tbougfa in aeaw para of the U.S.A. tbe 
mincralt ferberite, PeWO*. and huboeriie, MoWO*. arc 
aUo seureer of the metal. 

Prior to t p 18, (be Tavoydiitrict in Lower Burma and 
tbe Mawchi miaa (tbe largert of all wolfram mioee) in 
Upper Burma w«t (be priuerpal centree of wolfram pro¬ 
duction, but later diacoverks of the minsal over extea- 
flve dbtricu in Kwaatung. Klangil, and ocher para of 
China, esublisbed (bat eouAiry as tbe foremott source of 
wpply. Bolivia and Portugal are also issporcant pro¬ 
duced of wolfram, the Panasqueira mine io Portugal 
being tbe second largest of its kiad in tbe world. 

Tbe main scbcelit«>produe3ng eouairia arc (be U.S. A. 
and the Federated Malay Suts. 

For the quinquennial perwd end ed in tgjfi, the average 
annual wld prodisetSon of tungsten, in terms of a^tal, 
was about 13.000 teen, tbe ou^ in t998 etceeding 
96,000 toru of c on cen tr a tes amtaining 60 per cent of 
tur«scic ^ de. WOa< It has been well sUted that ‘the 
more tbe more tvu«s<en'. and intense efiWts were 

made duriiq; the re cen t war m inoease production cf (be 
oetab In normai *!■•■**< (be percentage of the world 


1. 
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supply of tungsten from Chins v/as 3$ per cent, Burma 
so per cent, Portugal and the U.S.A, each 1 r per cent, 
Bolivia 9 per cait, Japan 4*3 per cent, whibt Argentioa 
and Amtralajia contributed retpecUvely 3*4 per cent and 
fl*7 per cent of the total. 


CBAPTBK X 


THE SEARCH FOR MINERAL DEPOSITS 

Chanci has played a dcninant nU ia the diieevery of 
mineral dep<«iti» tad the hutory of ouny mininf fields 
opens with the aecideaul 6edui( of a fragment of ore or 
the outcrop of a lode. Even the proease tiubbinf of a toe 
a|ains( a protrudiof rack has semechacs bad a hierative 
recompense I The discovery of a ihsainf rtooe by a child 
pitying on the banks of the Otafife River in iSCy, anda 
shepberd-bo/a fwd of a perfect udtite diamond, led to 
tbe development of the Kimberley diamond minea and 
the industrial awakeninc of South Afnca. Potoal, In 
Bolivia, was dtscovoed 400 yean ago when a llama up> 
rooted the bwh to which it was tethered and thereby 
exposed a vein of aadve liher. Forty yean ago a man in 
charge of a llama pamire in the high Andos of Peru com¬ 
plaint bitterly of the poor qtsaliry of hit only available 
fuel, a black asphaltic auhiiance that lay sear bb but. 
AnalyiU proved k to be rich vanadium ore, and the 
pasture ^ Minasragra has stoce developed into the 
world’s principal source of vanadium. Nickel was furl 
identified in the Sudbury district of Ontario in j 856, but 
it was twency«eeven years lato that a blacksmith working 
with a eoQsiructwn gang m the Canadian Padhe Rail¬ 
way noticed glistcniag patchea of yellow metallic mio- 
er^ in a bob cultii^ and arteotwotlMa became focused 
on ao area whkh bai since produced nearly 90 per eenc 
of the world's nickel output 
Tbe fabuJomly rich silver vena of C^>aU in Northern 
»» 
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Ontario v/trt also discovered accldenuUy during the 
building of a now railway. Spoda or gold foriuitouily 
oAposod ia the taihrace of a sawraill led to tho great Cali* 
fornian gold nub of (84^ and (ho famous iead>ainc«silver 
ores of Broken Kill, Now South Wales, woro found about 
sixty yoara ago by bcundary<iden who mistakenly 
imagined they had struck A tin lodo. Drilling for water 
hat been a fruitful means of locating buried crebodios, 
including the great leadline deposits of Oklahoma. 
Ancient (wohlscorie workings are an unfailing attraction 
to the prospector, and many modern mines, such as 
those of the Kolar goldfield in India, the Lake Su[>erior 
copper belt, and the Btwdwin iilver 4 ead*alnc area of 
Burma, have been developed on or near the site of long* 
abandoned diggings. 

Credit for hnding most of the orebodies which have 
been worked during the past hundred years belongs to 
the indomitable old*time prospector. With his pick and 
ibovel, hammer and pan, he has roamed the desolate 
places of the earth In search ofhb B1 Dorado, lured on by 
a fortune at the rainbow’s end. Scores of mining dls* 
trkts, including the moat productive goldhcld in the 
world, that of the Witwatertrand in the Transvaal, owe 
their beginning to his pcneverance and skill. Dy his 
widespread activities he has probably found most of the 
rich orebodies that are exposed at the earth's surface. 
Outcropping mineral deposits will doubtless be located 
in the future in unexplored areas of the globe, but the 
chaacea of making such discoveries grow smaller. In* 
deed, it becomes increasingly dlffleult tofmd new deposits 
without recourse to scientilac prospecting based on geo* 
logical knowledge. Nowadays the diminishing number of 
‘practical prospectors’ usually vrork under the supervi* 
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non aad msay ruiua; otfwxano^ employ 

ipccUlly tTAifled ge^gUa for fy&tematk *reil pros* 
peedng aad for directing cqAorviati work oo the sur&ce 
And uodergroupd. 

AoMog the mere obvioui clum ibr wbk^ the pro** 
pector aarehes a HW*, ihat is, friginena t>i minerAl 
or vein-mACter (hst bare bees broken by frort or odier 
weAtberbig ageocie* from ibe outmp of ab orebody* By 
careful cxaaujistioo ihrae teU«tAle fragmesu, often con- 
eisung of hard nm-Mined quant, nmy be traced uphill 
to thtir origiAAl Muree. Id Donbera latitude* it i$ s o me * 
time* pomible, by determiiuDg ibe dircctkft in which a 
long-vimisbed Racier tnveUed, to trace the source of 
glacial erratic boukim comainiog valuable minerals; by 
this means a rich gold^opper d^t was reeeacly dia- 
covered id Sweden. 

When heavy insoluble minerak web as gold, platinum, 
liucone, and mcM predous scoom, arc released from tbeir 
matrix by ebemkal aod mrohankal weathering, they are 
washed slowly downhill aad are eveatually cooeeatrand 
by streams as plaecr deposits. Flovdag water iweepi 
away (be lighter maCtfUl aod tbe heavier mbecak rink 
to the bottom or art eairied slowly dowostreao, leoding 
to aeeuRiulaie wherever (be velocity of tbe water is 
cheeked, la tbe case of gold (be particles usually become 
batter and more flaky the farther they have been uans- 
ported from tbeir original source. 

1 ( is DOC surprisir^ that tbe art of panning alluvial 
gravels datm back to ancient hktery, for with the rid of 
A shovel aad washiag-paa a mao may sotn r tSmes vnn a 
fortuoe in the space of a few weeks. Tbe fending ©fvalt*- 
•ble placers bas rmulted m seme of tbe spectacular gold 
and diamond rushes c/tbe worU. To discover the soura 
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of the placer minerals the prospector proceeds upstream 
unci) the minerals ^ to show in the pan; be then ascends 
the adjoininf hiUsIopes or a tributary creek until panning 
tests yield no further trace of t)te soufht*fbr materials, a 
fact indicating that he hes oventepped their oripnal 
source. Haply be may 6nd tbereabouts a few fragntcnts 
of mineralised rock or a series of ruSMtaiaed boulden, 
and by trenchtag ('costcaning’) eacounter the broken 
mother lode. An old method of exploring for veins on 
hillslopo is that of‘hushing*, formerly much praciisedm 
the North of England when searching for lead and aloe. 
It comiia in impounding water at a high level and then 
releasing It luddertly 10 as to scour the cover of soil from 
thehilbide. This is analogous to ‘bydraullekingS whereby 
the surface is stripped and laid bare by powerful jets of 
wattf, a procedure which met with singular success at 
Cobalt in Ontario by exposing several mineral veins, one 
of them yielding 97,000 ounces of silver from shallow 
workings. lo the absence of water the prospector may 
have to rely upon the wind to aid him by its winnowing 
action by blowing the finer and lighter otaterial to lee* 
ward as it falls through the air, thus separating the 
heavier valuable minerals. Suitable repetitlort of the 
process frequently provides a rich concentrate. This 
method proved to be of great value in the early explora* 
cion of Ae parched goldfields of Western Australia. 

In the search for cux deposits there are few more arrest* 
ing and encouraging signs than the reddish 'iron bat* or 
‘goaiaa’ that represents the weathered outcrop of a min* 
eral deposit containing iron>boaring sulphides (Fig. 48). 
During long-centinued erosion sulphur, copper, and 
other soluble metals, are leached from the exposed 
sulphide minerals and carried downwards by percolating 
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wRtcn, kaving behind at tfa« sur6K£ a orlhilar mus of 
rusty iron caddes coesiKlag mainly c^IimoaiCe. The find- 
ibg of such a Uziumte capping may ifacreibre herald the 
diKOvery ofaa underlying valuable metalliferous deposic. 
On the echo hand, it caay only raise febe fer many 
gosans represent merely the eoDdired rooo of a vanished 
orebody or the outcrop of thin ooB'Commereia] sulphide 
veins. Wide experience end geolofica] eeumeo ii 
quired to interpret the full signilkaoee of the tell*tale 
colour variadow, structure, aad extent of goasara. In 
some eases, as at the famous Rio 'Hate mines in Spain, 
the red gossans form eonipieuous Undmarkt crowning 
the hilltop# aad have attracted tucDiiOB from the eorUmt 
times. Many of them are extraordioarily rich m native 
gold and silver, aad were wonted by the andaau for these 
precious metals. Amoag ether colour ilgai for which the 
prospector is Oft (be alert are the vivid greens and blues of 
oxidised copper the sooty black staias of maa« 

ganme, the *bloocM' of cobalt and nickel, respectively 
brilliant pink and app k »gr c en, and (be yellows U arsenic 
and molybdenum compounds. 

These conspicuous sifu ofauoaalitatieo are a wiitdfall 
to any prespeetor, but the trained gsologist rdits in 
his methodical March for ore on a knowledge cf the geO' 
logimi eonditiom favourable to uiocraliastion. By ear^ 
ful mapping be dedpbers (he geologicaJ history of an 
area, and by ttudyii^ the structural features cf the rocks 
and the inicrrclatiomhip between igneous end •edi' 
mentary typm he is able to toealke iutensive ecaminadon 
to the meet promising domets. Many mincial deposits 
are ceoeealed beneath a thick mantle of overlyiag rocks, 
and only by sound geologieal reasotni^ can their position 
be predicted with any degree of a au r a nce . Among the 
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nurebtf of imponftnt achieveraeats due te 
•dentific prospecting by geoJogista are the discovery of 
the great copper deposiu of Northern fti^odesil^ which 
contain more than 750 million tons oflugh*grade ore, the 
isnmeue roangaoese orebodics of the Gold Coast, and 
the extensive rich bauxite deposits of British Guiana. 
Kecendy, hundreds of geologists have been engaged in 
prospecting for minerals essential for the war effort, and 
many valuable discoveries have been made, especially in 
the Soviet Union and South America. Indeed, the amaa* 
ing development of mcneral resourees in the U.S.S.R. 
during the past two decades ii due b considerable 
measure to the successful explorations undertaken by 
Soviet geologists. 

In attempting to 4 U 60 theposiiblUties offuture mineral 
discoveries it should be realized that over most of the 
«artb*i surface the 'solid’ rocks are buried beneath a 
blanket of glacial clay^ W residual producu 

of weathering. Moreover, mineral deposits formed la 
earlier geological periods are commonly concealed by a 
thick covering of younger sedisnenu and volcanic reeks. 
Important bo^es will undoubtedly still be found exposed 
at the surface in unexplored regiorts of the globe, but 
discoveries of the future will come inerculngly from deep 
exploration in areas of known mbecaliaatioa and from 
those vast tracts where the cover of overlying rocks virtu* 
ally precludes the location of buried mioeral depcdts by 
ordinary methods of geological Investigation. 

Happily, during the last twenty*five years or so a new 
method of exploration, that of gt^physieAl itplor^Hon, has 
come to the aid of geologlits in the quest for hiddeo 
Qtiaeral deposits and for the elucidation of concealed 
geological structures. This scientific method of prospect* 
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icg, which vupplaao the ou^ of the witch stick ej>d 
divioing rod, hes eirecdy achieved remarkable 
espedaUy ia osIfieM explocaciock, and will unquestioMbly 
be used increeniigly in the future search both for metal* 
liferous and Don-raetallifereus depones. The essential 
requiremenc iaall hnuichesofKei>phyakal prospecting is 
that there should be a v^lWinarted diftennce in eeriaio 
pbyseal properties, dther b e tw een the miaertl d^MSiti 
and ihdr enclosing rocks, or b etweea adjacent geological 
formations wboi structwaS problems are bong mves* 
tigated. It must be *pK>i***j ihme methods are 
primarily concerned with deteetioc difierenoes in the 
phyucal properties of Che rods, aad seldom claim to 
reveal directly the presesiee or eoet oattire of a mioeral 
deposit. To huerpret effectively the results obutned by 
geophyiical sueveys, it Is almost invariably essential that 
the geolegiit aad gcophyddn should woi^ in close 
collaboration. 

In the search for mistoal depositt other then oil, the 
principal methods used are magiietic, electrical, and 
electromagnetic The gravitatieeal, sessmie, tod radio* 
active methods have been hidterto usually rmerved for 
oil exploration qsecial probloas in conDodoa with 
the loeatioe of particular orebodics. 

It has lof^ been kzsows that siaferitf deposiu diicurb 
the earth*! taagnetk 6eld an their vicinity, causing local 
deviation (be compass needla Indeed, magnetic 
coethods of locating iron ore woe used suoeeasfully ia 
Sweden $00 years ago, and have been employed in the 
T.ftV» Superior regioo for more than half a ceoxury in the 
search for eopper-bearing basaltic lavas and iron deposits. 
Rapid surveys can be made with a compam, and with a 
dip needle which is htc to route about a horirontil axis 
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and haa a counierwelfbt atiached to Its souih sid« to 
ecmpeiuate for the vertical component or 'inelbation* ol 
the oarcb’s field. For more accurate work, however, 
delicate instrumeots known ai magnetometers and varU 
onetera are generally favoured. Thae inainjmenu are 
capable of detecting burled deposits of magnetic iron ore, 
nlckelUcrous pyrrhotiic and cobalt ores, aed are of great 



Fig. 93. FroAlei ot herltontal and vertical eoisponenu of 
magnetic Seld acrcaa a magnetic orebody. 

service In mapping the underground distribution of 
igneous and sedimentary rocks rich in disseminated mag* 
netite. Indirectly they serve to locate alluvial depoliu of 
gold and platinum which happen to contain abundant 
grains of magnetite or which lie in valleys beneath 
younger flows of basalt. 

Two outstanding cxaniplee of magnetic Iren ore ex* 
ploracioAS are those of the Kursk magnetic anomaly in 
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the RimuLfi Uknine, where eolo—1 iiM on reseivei 
were proved, aad of the werld*&ffious ougnetiu depesiti 
of lUruoa in Sweden. Forty yean the celebrated 
inventor TbeeuLt A. Edoon deugned a tnnfoetOButer. 
AAer firu teatinf it over a known nickel^pyTrbotite depoait 
at Sudbury, Ontario, he ohrained moaf lodicadons of 
ore whiln p ro g wrcr i n f a few mUs away, at Fakenbridge. 
Unfommately, the nail abaft (ben tunk had to be 
abandoned in quicksand at a d^th of 8o feet, but nany 
years later a lUgbdy doepcr shaft at the same site reached 
the rich Falcoebridge ocebody. By mapping certain 
magnetic ihala which underlie the maio gold-bearing 
reef ef the Witwaienrartd in South Aftica, magnetometer 
lurvcyi have recently iodieaied the eatesuien ef the gold¬ 
field fer many miks to the wen, and similar irweailga* 
tions hove resulted in the locatioii of diamond-bearing 
igneous plugs or pipa In South and Ease Africa. Typical 
aaomatia in venka] and horiaontal intensity over a con¬ 
cealed mtgnetie orebody are depic t ed in Fig. 55. 

EUetrieti m e thods of finding ore deposto depend upon 
the marked difference ia ekctrknl eo^ueilvity betv^n 
metalliferous mmerals and the surrounding rocks* Most 
ore minerals which possess a mctaliic lustre, such as the 
sulphides of iron, copper, and fend, c«f)duet electricity 
many chouMctdi of better than the reeks enclosing 
theox. Tbe natural current (s^-poteotial or spontaneous 
polariaatioo) method of sulphide deposits is 

unique among eleetricnJ methods in that no currents are 
artificially iotroduced into the ground, the orebody itself 
actirc as a battery wbkh produces current detectable at 
the surface by loeaM of a sensitive mieroammeter or 
potentiometer. Due to vigorous oxidation the upper pan 
of the deposit is chemkally more active than ihe lower, 
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lJ]« resuliing «teclro>chfmicAl eondiitons thereby indue* 
iag pMUive polArily tt the icp of the body and negative 
polarity at the lotver oiremity. Cunenu thus Amv down 
the orebody and complete ■ cireuii by reluming upward 
through the surrounding rock*, a* ihown in Fig. 54. At 
the luriace the line* of current tend 10 flow in toward* the 
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Pig. 54. Nmural eurrenb produced by an eixidialng ndphide 
orebody. Plan ihewt curvei of equal voltage, and current 
flowing towardi (he negative centre above the crebody. 


ground Immediately above the orebody, known a* (be 
‘negative centre’. Tbia centre can be fbund either by 
tracing line* of equal potential or by determi/iuig the 
direction and magnitude of the currents. 

In most eleetri^ meihoda of prospecting, direct or 
alternating current i* introduced artificially into tbe 
ground between a pair of earthed electrodes, and condua- 
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in^ orebodio are loeaced by owaiis of poteotial obtcrva* 
(ions made at the 9urfac& Tbe layHMt for a simple 
method, kaown 99 (be e >| i upo<mri a t method, of which 
(here are masy vartatioas, b dqtlcted in Pig. 55. Two 
bare < 9 pper or itta wire electreda, Afi aad CD, each 
about half a mile loag, are pegged to (he ground at short 


- abwf'fy mile -► 5 



C Groijnded tfort mrt electrode D 


Fig. 55. Eeuipotentiai surrey usiog penJId linear electrodes. 
Curreot tuMS, dotted: equipeteotial Uses, coodnucui. 

iniervaU and c o fti x t ted by insulated cable to a generator. 
When current pasa between two eleccrodci, the lines 
of flow crowd In towards asyssassofeenduetingraatsial, 
41 indicated by the dotted Uses, and the equipotentlal 
lines, which are always perpendicular ts the direction of 
ourrent (low, diverge troa the eooduedve body as shown 
by the eootiouous lines. To detect the presence of a con* 
oealed conductor, such as an eeebody, equipotendal lines 
are traced out on the ground by means of a single 
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portable circuit coBsUtin^ ctf cwo ihacp metal rapien, 
coBoecied by about lOO feet of liuulatcd flexible wire to 
• pairofearphoMs. One rapier is thrust into the ground 
and the operator moves forward making trial contacts 
with the other rapier in order to find the equipotcniial 
point, which is located when the note or buw of the 
generawr ii no longer heard in the earphone*. The two 
poinu (e.f. t and 8 In Fig, 55) «« ^ W 

and the procedure repented until a eoiiiinuous equi- 
potential line « run acroes the area. r<*r general rergn- 
nai»ance and for detecting julj>lnac bodies buried at 
shallow depth thU method has often proved quite eifee* 
live. It mot with spectacular luceca, for inslaticc, at the 
Buchans mine in Newfoundland by diicuvcring n large 
lead-iinc-copper deposit, and in northern Sweden by 
locating several rich gold-Mppcr-arsenic Imdiw, the 
bodies in both countries being buried beneath glacial 
clays and sands. 

Since most meul sulphide* Kt good conductors they 
may frequently be found by using electrical method* 
involving the oieasurcment of torih.ruulmlUi. Four 
ground electrode* are spaced equally in a straight line 
and current is passed between the two outer ones, C;, C| 
(Fig. 56). the resulting voltage set up between the two 
inner eleetrcdes P^, P, being measured with a portable 
potentiometer, V. Close spacing of the electrode* permits 
only a shallow subsurface current penetration, but with 
increasing electrode separation the current reaches 
greater depths. In making meiwrements, traverses may 
be made using a constant electrode separation so that the 
area is examined to a fixed depth, or the electrode system 
may be expanded about a particular point in order to 
deictmioc the change of resistivity with increasing depth. 
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Rmdvity is at* auaimuiB when the tvfo ouMr potentisl 
electrodes are above dv ceadticcive or^cdy. Thb 
cnethod provides a mxipte means of de tcetipg coocealed 
low resistivity deposits and of mcestaiaia^ their depths 
beneath ibe sur&ee. 

Both for general recosnaissaBce and eipod a l ly for in> 
(easive iavoUgatioa of areas suspected of miaerelitatiooi 



Pig. 56. Bleetrfea] lesisimty oMbod. Curve shows drop is 
roktaoee due to a ceoductive erebedy. 

variom sfrefremagiutu methods are vddely fovoutvd, for 
they ^eld much iaforaiacioa cooceraiog the 

shape axtd poeidoa of bidden coaductoi*. For iastaoce, 
whw alteraaiuig curreai h pased through a Urge bori* 
zontal loop of iasuJated cable luiabty di^osed on the 
ground, electromagnetic waves ^read out ia all dlre^ 
u«ns i»»D the eaergUliig loop. These waves stimulate 
currents by induction in any eoaduetivc body which is 
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prp »en r, causing it tc re'r&diate a secondary induced field 
whose effects can be examined at the surface by portable 
search emh. Among the many advani^es of this indu> 
dve method » iu efficacy in ixiountaincpus regions, in 
dmerts and in frown snow.laden areas, over ice-covcred 
lakes, and In diifricts covered by non<onductive surface 
rocks. The large foId-copper*arsenic orebody at Bollden, 
in rvorthem Sweden, was discovered largely by electro* 
magnetic surveys. 

Cm^lionil methods of preepeeting depend on the 
difTering densitim of roeb, which modify the magnitude 
and direction of the earth’s gravi eational attraction. Thus, 
A heavy orebody wUl attract and deflect a pendulum, 
besides causing it to swing mere quickly. The two chief 
type* of instruments used are the gravimeter, or gravity 
meter, which utilises the elastic force of springs and the 
torsion of wire* for direct eomptriion with gravity; and 
the torsion balance which measure* the rate of change of 
gravity per unit horisontal distance. They have been 
used extensively in oilfield exploration fbr locating fav¬ 
ourable geological strueturos such as buhed anticline* 
(arched folds) and salt domes. With the exception of 
certain gravimetric surveys over shallow orebodtes, these 
buiruments have hitherto nad only a limited application 
in prospecting fbr ores and nonmetallic deposits, though 
there can be no doubt that the highly sensitive modern 
gravimeters will in future find greatly increased service 
Lfi this particulair field. 

The stwfrie method of exploration depends upon the 
speed with which artificial earthquake waves travel 
through rocks, the velocity being dependent upon the 
elasticity and density of the various fbrmatloos. Thus, 
Ld igneous, meiamorphlc, safe forraatio&s the waves 


THB SEARCH FOR DBPOStTI 
travel several ricnes more quickly than in loosely cod* 
soUdared days, sands, and marls. Waves set up by firiog 
a charfe of buried explosive are auiomaiically recorded 
on a series of portable seisnio^apbi, and since (be depth 
of penetration of the recorded waves is directly related 
to the spacing between the shock point and the vibration 
detectors, the variations of physical properties of the rocks 
with ibeir depth may be measured In the ‘reQeciion’ 
method, the time required for waves to travel to and 
from a reflecting bed, such as a massive limestone, is 
measured in order to calculate the depth to the reflecting 
surface. In the 'refraction’ method traveUiimes of the 
Ant impulsea to arrive at the detectors are observed 
Since waves usually travel faster In the deeper layers, 
beyond a certain distance from the nploslon point waves 
which descend to a hlgh*vdocity bed and are refracted 
along it will actually reach the recording instruments 
before the slower surface waves (revelling by the direct 
and shorter route. This critical distance, supplemented 
by a knowledge of the velocities in (he upper and lower 
beds, enables the depth to the boundary to be deter¬ 
mined. Seismic prcspeoting has been used with remark* 
•ble success in oilfield exploration, by revealing aul^ 
surface geological structures and (he presence of salt 
domes, and immense quantities of oil have been dis¬ 
covered by means of It. In mining exploration, however, 
aeiimie methods have so far had only limited appIlcatioD, 
as in detenxiining the course arul depth of gold and dia* 
mond placer grave) channels, the location of sulphur 
deposits above salt domes, and the structure of certam 
coal and lignite de]>osita. 

Following the recent startling revelation of released 
atomic energy there is sure to be rapid mtensification in 
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the search for radiMciiit elements, such %s uranium and 
thorium, which emit radiations by the breaking down or 
disintegration of iheir atoms. Radium, one of the inter* 
mediate products in the spontaneous dUinirgration of 
uranium, itself breaks down by the lost of an alpha 
paniclci or helium atom, into the heavy inert gai radon 
(radium emanation). Tlsls ga* is of special importance in 
radioactive methods of proejxciing because It disintc* 
grates slowly and can be readily detected liy means of a 
portable gold'leaf electroscope, the rule* of movement of 
the leaf being proportional to the quantity of radon pre¬ 
sent. Radioactive exploration can be carried <»ul by 
taking toll or rock samples and testing them in the 
laboratory, or by determining the activity of rocks in situ 
with portable ionization chambers, such as the oj>ro* 
bottom type and the Geiger-Mullcr courtier, winch 
measure the intensity of penetrative gamma radiation 
being emitted- Radon migrates fram its birthplace, is 
absorbed by oU and water, and tends to collect along 
faults, fissures, contacts, and beneath impervious wet 
clays, ao that anomalies due to such local accumulatinos 
of radioactive products may exceed those due to the 
presence of uranium ores. With increasing distance from 
4 radioactive deposit activity diminishes rapidly, and it 
is recorded that the pitchblende deposit of Joaebinuthal 
in CEechoilovakla could not be detected at distances 
exceeding 1,000 feet. Hitherto, radioactive prospecting 
has been of greater service in detecting local coacentca- 
tlons chan for discovering radioactive ores by rsennnais- 
sance, though we may be sure that the urge to find such 
ores will result in great technical Improvements in thb 
method of prospecting. Indeed, it may soon become 
practicable to reconnoitre by mesjuring the intensity of 





















CKAPT&S^ XI 


THE EXTRACrriON OF MINERALS AND 
METALS 

Twi HBTriOM by which mincralj are won from the 
ground depend on many factors, the chief being (he 
caruie and &rm of the depoetu and the position they 
occupy relative to the surface. 

Sooie stable minerals Ilhe thoee of gold, platinum, tin, 
and precious stones remain unaltered in sands and 
gravels and can be won readily by washing away the 
lighter and valueless maiefial with which they occur. 
Others, like the cnlnerali which yield lead, zinc, copper, 
Ac., are not usually fouod in ecooomjo quantities in 
aandi and gravels because their physical and ebcaiica] 
properties render them unsuitable for preservation 
during and after transportation In running water. 
Stable minerals remain unaltered also ia rocks which 
have weathered in situ on the surface, while the less 
misuint minerals are decomposed to form new and efieo 
useful minerals in the weathered rock, or some distance 
away from their original home, by precipitation from 
solulioos. Many of the most important mineral deposits 

however occur well below the surface and the rocks in 
which they occur have to be drilled, blasted, crushed, 
and ground to hne partkles to yield the required 
minerals. 

We can thus consider mining operations as being 
broadly of two kinds, namely ru^/brs mining, which 
includes the working of sands and gravels and of hard 
17a 
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rocks by open-cuttizig or opeoeast methods, and andsr> 
ftound nnmnf. 

SvT/aC9 Minni The extraction of rods on the 

surface for building and road*makiQg is usually termed 
quarrying. There is however no sharp disdnetion 
between quarrying and rnioing. In general, quarrying 
is the term applied to the extraction of rock used in 
virtue of iu bulk and ocher physical properties, whereaa 
if the extracted material is su^ected to treaunenc n> 
obtain one or more of the minerals it contairts, the opera> 
tions come urvder the category of mining. Qji«rry> 
ing methods are so familiar to readers that we need itoc 
consider them further. 

The limplat and one of the eldat forms of mining ia 
the washing of sands and graveb containing valuable 
mlnerab. U is a fortunate provision of nature that in 
almost all such occurrenca, the valuable minerals have 
a higher ipecifie gravity than the great bulk of the 
aUuvial deposit. Sands and gravels, for example, consist 
mainly of quarts which has about a third of the density 
of the tin mineral, cassiterite, and only a small fraction 
of the density of native gold and platinum. These heavy 
minerals can thus be won easily in swifUy flowing water 
('streaming*) which carrie away the clay and quartz, 
leaving behind eoncentratioas of the valuable minerals. 
Similarly, by swirling the water in a pan fpaoiiiogO 
the same result is obtained. Where water is not available, 
as in arid regions, cooceotrations of the heavy minerala 
ran be effected by winnowing in moving air. 

A great wealth of minerals has been obtained froni 
loose surface deposits since esj-lleit times, mod even 
to-day alluvial deposits ccotribute most of the world*s 
tin and a great of its gold, platinum, diamonds, and 
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Other precious stones. The simple methods of the past 
have been replaced ia modem times by highly mechan* 
iaed means vrhich bave brought extensive low-grade 
deposits, formerly unworkable, within eeonoouc limits 
and thus have increased greatly the world’s available 
mineral resources. 

Tho choice of method for working loose surface 
deposits depends on the amount of valuable mineraU 
present; the extent, depth, and nature of the material; 
the thickness of the barren ground {'overburden’) 
covering it; the nature of the bedrock on wJiich it rests; 
and on the topographical aituatlon of the deposit. 

If the thicknoK of the overburden is not too great (or 
surface mining, the barren ground is removed by bulU 
dozen, mechanical excavators, and dragdine dredgen, 
and (he eseposed valuable deposit may be excavated by 
similar means. In opencast coal mining, for exampl^ 
a wide trench or swath is made through the overburden 
by steam or electric shovels and the exposed underlying 
coal removed mechanically. A parallel swath is then cut 
and (he overburden dropped where the cool has been 
removed. In this way a scries of parallel and Ac\|oining 
swaths are made, the coal b excavated, end a new suC' 
face is formed. 

In aemc parts of the world, minerals of economic 
importance occur on the flanks of hdU and mouiiialns 
where the rocks have lost their coherence as the result of 
weathering agencies. These are usually worked by open* 
cutting, or as opencast niiocs. Deposits of (his type yield 
a great deal of the world’s iron, manganese, copper, and 
alumiolum. They arc usually worked in the form of 
spiral terraces several feet in heighr, and tlie material 
u removed by mechaoicai sboveb icio trucks and irons* 
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ported to (he concentrAting plants for trestrnenc. If 
p»ru of the deposits are too coherent for the excav&ton, 
(hey are first drilled and blasted on & large scale to 
loosen the ground. Chuqulcamara, in Chile, the largest 
copper mine in the world, Is worked to this way, and so 
are several mines m the U.S.A. and other countries. 
At Binghant, io Utah, U.S.A., 9^000 tons of copper ore 
and aquarter of a million tons of waste rock are removed 
dally! 

Another form of opencast mining ii known as *glory- 
holing*. The broken rock is dropped to a lower level 
through ore passes, trammed to the ilvafi bottom, 
and hdated to the sviHhee. In form, the glory*hoU is 
somewhat like a gigantic tunitel, the neck being the ere 
pau, nut the shaft. The bottom of the shaft is usually 
readied through a connecting tunnel. 

In Malaya, the Neiherland Bast Indies, Nigeria, and 
other countries where drutone occurs extensively in 
alluvial and eluvial dcpceits, much of the camiteriie 
ij obtained by hydraulicki ng, a method used also for some 
gold'bearing aurftce gravels. A large volume of water 
is conveyed through pipes from a source higlier than 
where it is used In order to obtain the required natural 
pn sture. A no*«le is fixed at the end of the pipes and the 
resulting powerful jet of water is directed against the face 
of the gravel. The arraogement is not unlike that used 
by firemen when directing water on to a burning 
building. The released gravel is then sluiced through 
channels, or through troughs, where the tinstone or gold 
Is trapp^ at the bottom in rifAes. Such a method 
requiem an adequate supply of water under a natural 
head and the provision of lower‘lying ground where the 
bulky valueless material ('uilings’) can accumulate. 
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The minenl'beRriiif dgycwu are oAa nnuted, bow^ver, 
b low'l^ag lometinw tunhy (cDusd uAfuiiable 
forhydrauljckuig. If the RlkivTuqi g wfEoently octemivc 
to >VErrRnt the crjmu] expeaditure, it mAy be worked 
by dredginf. Tbe dredger o usually erected on the 
ground is ea urtifidAl pond (*puddoet*) and the gravel 
U excavated by a number of targe steel buckets linked 
to A long boon or * ladder* (not unlike tbe arrangesient in 
a harbour dredgs) whkb can be lower e d to considerable 
depth. Tbe elevated gravel ss passed through a rotating 
tremnel where it k played upon by a powerful jet of 
water azkd screened. 'Rie tinstooe or gold is In the finer 
screened material wbkh dropa into long shallow troughs 
erected on the deck. Tbe bavy ninerals stnk to the 
bottom and arc trapped by the riflea. ConcenuatMn of 
the heavy ninoals may abo be efieeted by employing 
the hydraulic jigs with whseb aome modern dredgers are 
equipped. 

Vt^grtmd Af«(hM 6 . There are so many 

methods of undoground that the meat that can 

be attempted here k to outline the most Imponaot of 
those in common practsee. 

One fd the fim essentials is underground mining is 
to make an entry into tbe ortbody. IT the topography k 
ruitable, as 00 hilly ground, a cunael (*adit*) may bo 
driven into it through the hilNLU Tbe adit mayMrve for 
mioe drainage and ibr traosportiag tbe ore and waste to 
tbe surface. In the largest lead’anc mine is the world, 
Sullivan mine an British Cofaimbia, tbe ore is transported 
through a single adit thousands of feet in length. Most 
orebodies are, however, reached through a vertkaJ ihaA^ 
and in fewer cases through an inclined shaft. 

Tbe shaft may past through a series of orebodies. 
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oranuinbccofcMl sesou, stdiSsrtntdepUis. Lcv«)5&re 
dnven from the shaft at verduJ intervais which may vary 
from 50 to 950 feet or more, and IroiD these levels hert' 
sonial tunnels ('drifts') are driven either through the 
orebody, or through the coal kbcd, or parallel to the 
. meia})iferous veins. From the drifts, crosKuti are made 
into the orebody. When it is necessary to go vertically 
or steeply upwards in or near the OKbody, a 'raise’ is 
made; and if the required direction is downwards, a 
'winu' is sunk. The material mined may be worked la 
'jtopes'. 

In metalliferous mines the ore is drilled and blasted, 
the broken rrvatarial falls to a lower level through ore 
passes ('ehuies'), is drawn off from the orebiu loto cart, 
trammed to the hoktin| shaft, raised to the surface, 
and transfaned into large ore bins from which it is sent 
(0 the mill or concentrating plant for treatment. Several 
mines have reached a vertical depth below the surface of 
well over 8,000 feet. Among the deepest nines in (he 
world are Robinson Deep and Grown mines In the 
Transvaal, S. Africa, St. John del Rey ia Braall, and 
Ooregum mine la the Kolar goldfield, India. 

Flai'lying or lowvdlpping deposits are often worked by 
the pillar and stall method or on the longwatl system. 
In the former, the extraction is from the stall, or roosa, 
while the pillars are left as supports for the roof. The 
pillar* may later be replaced with erib^ngt of timber 
and waste material. In the longwall operations, a series 
of radial tunnels ('drives’) are made from the shaft 
bottom towards the far end of the deposit. A peri^eral 
drive is then made at the far end and the depcait ia 
worked Ant In the parts reowte from the shaft and the 
working face is gradually extended towards the shaft 
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bouoiD. Ro«f supports are installed where (he raaterial 
is being excavated, and in the werked-out area (be roof 
is allowed to subside. Mechanical cutters, scraper* 
for loading, conveyor belts, and other equipiaent mark 
the progress made in recent years in the mechaniaatton 
of coalmining' 

A common method of lode mining is to drive vertically 
or steeply upwards from the horiaontal drives (levels’), 
a aeries of ore passe* (’chutes’) at suitable I ntervals. The 
ore passes are then connected herieontally at a bright of 
from to to SO feet above the level to form the bottom of 
the stopc for working the lode unmediatcly abnve« The 
ere is then drilled and blasted, the broken material is 
passed through the chutes into bins, and loaded as 
required into trams. If the ground is Arm enough, part 
of the brolmi ore is allowed to remain in the stope as a 
platform on which the miner stands to excavate the ore 
above. This method is knowo as 'shrinkage stoping*. 
It is not, however, employed where the walls of the vein 
are not strong enough to remain standing after (he vein 
material has been removed; in such a case another 
method, known as ’square setting’ is adopted. Square or 
rectangular sets of timber are erected betvp^en the wall* 
of the vein and continued upwards as ihv ore is being 
excavated. Waste material is Ailed into the hollows 
between the timbers to strengthen the supports. A 
disadvantage of this method is the large amount of timber 
used, and where this Is soaree or expensive, ‘top slicing’ 
snay be more economical. In Otis metliod, the ore ii 
worked downwards from the top of the deposit by slicing, 
the broken material is passed downwards through 
chutes, and the roof b kept In placo by a mat of timber 
standing on lupporB. 
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We have coiuidered lome of the chief methodi cm* 
ployed in lode mimn; but many mponant ore dejMtta 
are not in the form of veiai or lodn, but occur ai larfo 
Irregular mauee. One of several metbodi of working the 
latter i» to drive a main haulage way below the bottom 
of (he orebody, put up at luitable interval a number of 
vertical hol« to form ore paiset, and work the depot it by 
'caving*. The bottom of the ore ia undercut and the 
overlying ground i» allowed to lubiide and thus help in 
breaking the material. Once the lubildence elaru, the 
caving tuually continues »o that where the coiulitiona arc 
auiioble, this method providea a comparatively cheap 
form of mining. It is one of the chief methods used in 
working some of the fornous low>grade 'porphyry copper 
or«' In the U.S.A. 

Trtalmtnl of the Muted Makriel. 'Hte mined material in 
the form it rennhes the surface is m most cases not 10 a 
oondi lion for mackeli ng. It has to undergo further create 
ment, usually in a milling or concomrating plane sited 
relatively near the ahaA head to save transport of the 
waste material with which the required product ia 
aasociatrd. 

The milling process depends on the kind of desired 
mijiera) and the nature of the deposit. So numerous are 
the useful minerals and (Im kinds of deposits in which 
they occur* that we shall confine ourselves to a brief 
dcKription of the milling ('dressing*) of a few Important 
tninerals. 

Except in the case of high-grade and valuable motaU 
liCerous ores which are usually sent direct to the smeltera 
without further treatment on the mine, the excavated 
material is sent to the mill. The Arst essential ia almost 
all milling operations Is the preliminary crushing of the 



l60 UIN2RAL8 AND MINKSAL DBPOKTI 
mArcriftl and lu further corruiupution by grinding to 
the retjuired degree of finenea, depending on ibe turure 
of the tnaterial. 

In many mioera] depouu> (be uieTul minerali are 
icatiered through the rock and • great deal of waate 
Buterial hu to be dlKtrded to efTect eoncentraUen of 
the required product. Where barren, or almut barren 
^cca of roek can be readily recogniaed in the coaraely 
broken material, recourae it made to hand^orting. The 
coane material traveb ea a aiovuig belt, or on aoriing 
tables, and either the waste or the luineraliaed material 
(depending oa thdr relative amouAts) U picked o/T and 
dropped into conveniently placed receptacles. This k 
' common practice for some iion*metalliferous deposits, 
such as those containing ubestos, but may also be en* 
ployed for certain types of ore. 

Heavy atlnerals occurring in rocks are separated from 
the associated lighter minerals by gravity concentration 
in waiter after the material has been crushed. It ii the 
oldest form ofconceatratloa aadfor minerals ^Idiog tin, 
tungsten, gold, aad some other metals it ta the method 
still used to^y, but in a highly meehanired form. 
A/Ver crushing, the material k classllied according to 
parricle size and the classified 'heads’ flow into compart* 
Bents ('jigs') equipped with pulsating screens through 
which a column of water flows upwards. The heavy 
minerals settle to the bottom and are drawn oft. DifTer* 
ent size screens are used fbr the dllTerent elasiifled 
material, and the 'middlinp* (the materUI In which the 
useful and valueJess have zkot been separated} are 
re*treated. For the more finely erushed or ground 
material, concentrating tables are employed. These are 
erected with a tilting surface, have parallel aad sloping 
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htn I trips of wood ('rifiio') on their Rirfsce^ ind are 
lut^ecied to rapid pulsations which cause (he water 
flowing over them to carry away the light lubsUnces 
over the lower ends of the tables, leaving the heavy 
minerals trapped on the riffles along the slope of which 
they gradually move sideways Into receptacles. 

Fine crushing and griivding are expensive operations, 
and a method which reduces to a cninimum such pr^ 
eedure without loo of products has long been sought. 
Such a method has been devised reccQCly but can be 
applied only to certain types of deposits, such as lead and 
zinc ores occurring In limestone, and a others. 
Instesid of water for gravity eonoectratioti) a heavy liquid 
b used ia which the mioeraliscd material will sink and 
the waste wiU float (‘Sink and Float method’). Powdered 
galena, for example, mixed with water provides a 
medium in which Umesione will float and the lead and 
zinc ore mineraU will sink. Finely ground barytes is 
slmDarly used for some sink and float processes. 

The most spectacular advances hitherto made in die 
concentration of metaUlferoiu minerals result from the 
adoption of the ’Hotation process’. During the last two 
or three decades most of the lead, ainc, copper, and 
other base metal ores have been treated by ihu proceai, 
which has made it possible to work enormous tonnages of 
low*grade mineralized depoua which could not pre« 
viously be treated economically. The flnely ground ore 
In the wet slate is lint classified on grain size, a anuU 
quantity of oil or cheraieati b added, and the liquid 
Aowi into flotatioo cells. Air b pumped into the celb to 
form a froth of air bubbles coated with the chemical used. 
The riKtallic particles ding to the bubble* and are 
earned upwards to form a scum which h awept into 
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cc!l«ciinff troughs. The concentnics are then de> 
>vatered and are ready Tor smelting. 

Minerals which are strongly or weakly magnetic can 
be separated from the non*magneiic material magnetU 
cally. The iron mineral, magtietile, which is strongly 
magnetic, can be separated from the gangue by pauing 
the material on a belt over 0 magnetlxed pulley. TJie 
gangue is carried forward on the belt while tiie magnetite 
is attracted and drops Into a receptacle near (he pulley. 
The tungsten mineral, wolfram, is weakly magnetic and 
occurs frequently in association with the tin mineral 
caaiitente, and other non-magnetie minereh. Tlie 
wolfram is separated from the mixed coocenuaics by 
passing them over an dectromagnetic separator. 

Asbestos Hbres. when freed from the eaclcsing rock 
material by crushing and disintegration, are concen¬ 
trated in strong artihcially produced air currents which 
blow the fibres away from the waste material. 

Native gold oeeumng in a quartz vein is a free-milling 
Ore and much of the gold can be recovered by amalgama¬ 
tion with mercury. The crushed ore is ground ftndy in 
water in ball mills, rod railb, or with stamp baitcria, to 
release the gold particles. The ground material ('pulp') 
is then passed over meta) plates coated with mercury 
('arnalgamating plates') and the geld is taken up by the 
mercury ('quicksilver') to form an amalgmn. This is 
leraped off the plate*, the mercury is driven olfby retort- 
Ing and is recovered for further use. and the gold 
remains in the retort. A modlfieation of this method is to 
inircxluee die mercury during the grinding process, or to 
rotate the pulp in amalgam barrels instead of passing ic 
Over the plates. 

Extraction of gold ftom certain complex ores by 
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unAlgamatien is not pmticftl 4 nd recousie is mRdc to 
cyanidjtion, » process th»i cwi be used only for gold sod 
silver ores, but net for auriferous ores eontainlng much 
copper and cerulxi other meitllle ninerala. For the 
cyanide process, the ore is ground ilnely In wateri is then 
de‘<w*tcred and transferred into large tanks through 
which passes a solution of potassium cyanide for dl^ 
solving the gold. The gold solution is passed through a 
filter where ainc is used for precipitating the gold which 
is then purified and cast into rectangular bullion bricks. 
Some gold ores containing sulphides are first roasted to 
drive 0? the sulphur before they undergo cyanidatioa. 

Ltaekitts Pr^eessu. Minerals which are soluble lo water 
like the nitrates and chlorides of sodium and potasaiuni, 
and some copper minerals which are readily soluble in 
acids, arc subjected to a leaching process. 

Certain natural salts are ^ssolved in water and treated 
in Urge tanks for ftacliooal precipitation at different 
teiT^eratiirea. Thus Chilean nitrate may be freed from 
the waste neterial with which it is associated by simple 
extraction with water. 

The chief reagent used for leaching cupriferous ores is 
the lulphurie acid which is formed naturally as one of 
The decomposition products of the unstable sulphide of 
iron, pyrite or Iron pyriica. At the famous Rio Tioio 
mines in Spain, the cupriferous pyritic ore is stacked in 
heaps containing millions of tons of ore artd allowed eo 
weather in the open. The add resultuy from the 
dcocmpoiitioa of the pyrite and of seme of the copper 
sulphides, dissolves much of the copper which Is titeo 
precipitated by passing the solution over scrap iron, 
upon which the copper is deposited and later recovered. 

Smtlivfg. Smelting is (be process by which the meisJs 
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•r« exirscied from meUiliTeroiid miner«U by melting 
them m blwt, peverbfctory, or other funaca. Before 
imelting» the minenU have luually been freed of wajte 
mAterul by eoneentrtting them in (be milling pUm. 

The fuel most commoxUy uied is meullurgieni coke, 
or enthrscite. A Auxing miterinl is mixed with the 
eoncentrata to form the charge. The fiux facilitates 
melting* forms a slag of the waste which rises to the top 
of the molten mass, and enables the metal to dnk to the 
bottom, where it can periodically be upped and run into 
moulds. 

Minerals conuining sulphur and anenic are routed 
before they are smelted to drive off those cletnents. If 
much arsenic is present, precautions are taken to sublime 
the arsenic u an oxide to prevent poisoning the air of tbe 
neighbourhood. Sulphide copper ores, affoc routiog, 
are smelted and the metal is drawn off as a copper mMle. 
This is then treated in conveners, where air is Howo 
through the melt to get rid of more impurities and to 
form hlist«r copper, which is later refuted. 

Lead concentrates are roasted and smelted whereas, 
from ainc concentrate*, tbe *inc, being volatile, is dis* 
tilled in retort furnace*. In some large mina, the lead 
and ainc are recovered electrolytically. Mercury ora 
are heated in fornaca and the volatile metal is condensed 
in retorts. 

Rtfining. The metal extracted after smelting fre¬ 
quently contains Impuritia which have to be removed 
by rehning processa before the metal Is marketable; 
and precious metals like gold and silver may be praent 
in the smelted producu of copp er , lead, and ainc and 
form valuable by*produets. 

Two of the chief methods of purifying metals are fire 



B3CTP.ACT10N OP UINBRALI—UBTAIS 185 
r«(ining arid electrolytic refinmj. Lead u ArO'refined to 
yield (be diver it so fre^uexttly eontaiitf, and non- 
auriferous copper nat(t U converted into hi^ grade 
blister co^er. Tbe bJister from (he smelters U east in 
anodes and these are placed b tanks containing an 
acid eleetrolyte through which a curreDt is passed* 
G>pper from the anode Is dissolved and deposited on 
(he cathode as pure metal known as ^elsctrolytic copper*. 
The sludge formed during this eleetr^ysis contains the 
impurities and any gold and silver which was present Itx 
Che blister. \ small percentage of the world’s gold U 
thus recovered Irom eopper orev 
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MINERALS IN THE INDUSTRIAL AGE 

SiKCB TKi eighteenth century, wlien Abraham Darby, a 
Sbropthire Quaker, firsk uud coke for imelking iron, and 
Jamee Wait bivenied (be ateam enpne, coot lias been the 
main source of energy, andiron the backbone oflndiisirial 
dvilisaiion. The industrial revolution mode cool end 
iron the most coveted and valuable mineral rcaources of 
a country, and the riae of industrial nations has been 
largely dependent upon their possession of adequate 
quantities of thee two essential matcrIaU. Moreover, 
Che geographical disiributicn of coal and iron has been 
the main factor in controlling the location of the great 
manufacturing centres, towards which so much of the 
world's crade is attracted. 

A hundred years ago (he annual world production of 
pig tiw was not more than Ave million (oni, and (he 
only forms of (he metal used for constructional purpvsa 
were cast Iron and wrought iron. In 1S5C, however, 
Keory Bessemer announced his process of m^dly con¬ 
verting crude pig Iron into itcel on a large iraia and at 
lew cost, (hereby ushering in the steel age. At present 
Steels are by Ihr (he most important ferrous metab, being 
followed in turn by east Iron and wrougl^t Iron. The 
world output of pig iron now exceeds too million tons a 
year, and that of steel ingots and castings amounts CO 
about 150 million tons. Modem dvllizatlon has no 
adequate substitute for Iron and steel, the consumption 
which is more than ten times as great u that of all 
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Other metft]i combined. It u beyond the compan of 
this book to recount the multifarious uses of iron atwl 
steel in the construction of railweyt, iramwaya, ships* 
buildings, end innumerable machines. 

Although the lilt of iron^bearing minerals is t lengthy 
onCi four minerals only are important sources of the 
metal. These are, In order of importance: hematite, 
FetO|, a red oxide with 70 per cent Icon; iimomie, 
PctOi.JiHiO, a ye)lowish>brown mineral contoining 
about Co per cent iron; magnetite, Fe^O^, a black highly 
magnetic nxule, with tbeoreiically 79 per cent iron; and 
siderite, FeCOa, or spathic iron ore, with 48 per cent 
iron. 

With the advent of the industrial age about a century 
ago mineral production reedved its fint real ienpetus. 
The rapid development in the use of Iren and steel 
throughout the civilized world was accompanied by an 
ever*growing demand for other metals, such as copper, 
lead, zinc, and tin. During much of the nineteenth 
century the United Kingdom was a foremost producer 
of these metals, supplying about half the world’s need 
of iron, copper, lead, and tin. The introduction cf 
manganese sieel and ferroalloys towards the close of 
the century revolutionised engineering end metallurgical 
practice, and heralded the age of special alleys. It 
was discovered that by adding to steel small quantities 
of previously little-used elements, parricularlyehreoiium, 
nickel, and tungsten, the metal became endowed with 
special properties, such as increased hardness, tensile 
strength, and resistance to abrasion, corrosion, and 
fatigue. These tllo)^ elements soon became key 
metals as eiseotial to the steel Industry as yeast is to 
bread-malung^4Bd they quickly attaioed an import- 
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Aoce Out of all proportion lo the amounu oonsuitied. 
Their geofraphical diitributcon u »urces of aupply 
acquired interoational ngnifieanee. 

The great lecbnica] progres achieved during ibe put 
lixry yean in (be engineering and allied induitriea can 
be atthbu(ed largely to the increasing employment of 
alloy steels. Their use hu Iqd to much greater cHlcleney 
in all types ofenginesi cutting toclii armaments, construe* 
tional girders, and so forth, besides prolonging the life of 
machinery, reducing breakdowns, and promoting safety, 
Only brief reference caa be made here to some of the 
outstanding functions of the various ferro-alloy elements, 
and the minerals from which the alloying metals are 
obtained. 

Mon^omu, which is principally derived from (he two 
black oxide minerals, psilomelane aod pyrolunte, is 
esseatial in the manufacture of all steel because of its 
potent cleaoiing cr deoxidizing effect during the cmdt' 
i&g procea, On an average about 14 lb. of manganese 
is thus used for every ton of steel produced. In addition 
to its purifying action, the incorporation of manganese 
endovpt steel with supplementary virtues, notably in¬ 
creased hardneai and toughness. Indeed, the discovery of 
manganese steel by Sir Robert Kadheld of ShclTield in 
iS6a was a landmark in the development of alloy steels. 
On account of its prolonged resistance to abrasion a 
steel of this kind, containing about 1 a percent manganese 
is especially suitable for rock-enuhing and digging 
maobinery, curved null and cross-overt. 

Chfmiwn, one of tbe most indiapenuble of the ferro. 
alloy metals, is obtained solely from the mineral chromite, 
theoretically FeO.CrjO|. The addition of even small 
amounts ofehronium imparts to steel increased hardness, 
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toiig:hnew, and Kiisunce to cbamJeal attack, besides 
permitting reduction in weight of metal without sacrifice 
of strength, in automobilei, railway carriaga, and Math 
plana. The atatniess steels, Ivat produced in 1915 by 
Brearley of Shelheld, contain about J4 per cent chr^ 
mium, but the popular super-staioleea corrosion- and 
heat-resisting varieties now used for cutlery and domestic 
utensils include about iB per cent chromiuin and 8 per 
cent nickel. Alloy steels with still higher chromium and 
nickel contents find extensive service in chemical end 
surgical equipment and in the resistance elementi of 
electrical heaters. 

//iekd ranks second in importance to manganese 
among the fcrro^illoy metals. It is extracted chiefly from 
the mineral pendandite (Pe,Ni)S, which usually oceura 
in intimate associaticn with the iron sulphide, pyrrhotito, 
as in the famous nickel deposits of Sudbury, Ontario, 
Garcicrite, a hydrous nickel-magnesium silicate found in 
certain weathered serpentines, notably in the French 
colony of New Caledonia, is a minor source of the metal. 
Nickel alloys are among the best known for machine 
parts subjected to heavy loads, shock, abrasion, eorrorion, 
and temperature changes. Since Riley, of Glasgow, 
demonstrated nearly sixty yean ago the superiority oi 
nickel steel over ordinary carbon steel for armour plate, 
low-nickel steels with less than y per cent nickel have 
been widely used for the moving parts of innumenble 
ciaehiiua, and for architectural and bridge conacructicn. 
The high-nickel steels, with 7 to 39 per cent nickel, 
include heat-resistant and eorroaioivraistant stamteia 
steels employed in chemical apparatus, furnace parts, 
marine fitdngi, and cooking utensib. An alloy known 
as 'Invar*, composed of iron with 36 per cent nickel, ia 
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prActicftliy unftfTected by temperature changes and Is 
tberefore in demand for making accurate measuring 
tapes, pendulumsi and precision i&sirumenis. 

Tunfsttn, prominent as a constituent of *high*speed 
steels* used for cutting metals, is obtained mainly 
from the two minerats, wolframite, (Fe,Mn)WOo and 
scheelite, CaWO*. Tungsten steels retain their hardness 
and excellent cutting properties at red heat and are self* 
tempering. It Is thus not surprising thne their introduc¬ 
tion little more than fbrty yean ago revolutionised 
metal-cutiing practice. High-speed steel tools containing 
about t9 per cent tungsten with some chromium and 
vanadium cao be operated twenty times faster than 
those made of plain carbon iteel, and they are also 
capable of much deeper cuts. These valuable steels 
are now in demand for valves and valve seats, ehiseli, 
stamps, armour plate, and heavy ordnance. A recent 
development is the use of tungsten in the fabrication of 
tungsten carbide as a super-hard cutting tool or facing 
for machine work, and for making wiredrawing dies 
much superior to the best steel dies. The pev/dered 
carbide, bended with a small amount of cobalt, is a more 
effective cutting agent than even highspeed tungsten 
steel and is second orUy to the diamond in this respeet. 
Because of its electhcal resistance and high melting point 
metallic tungsten has no rival as t filament for electric 
light bulbs. Icisdoubifui whether any other metal, used 
in equal amount, has been of greater boon to mankind 
during the past thirty years, an annual consumption of 
only too tons of tungsten being suiReient to provide 
enough filament for more than t,ooo million electric 
lamps each year. 

Mot^bdaum, commonly called *Molly*, Is obtained 
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fttmoar entirely from the liutrous bisci: rjlphlde* 
raolybdeniie, MoS,. Zu moat :mp«r(ftDt funeiien is m 
• itren^ihening iilloy in cut iron and iteel» often in 
cOT^unction with ebromlum and nickel. Molybdenum 
U claimed to have rwiee the hardening: pover of runpteni 
and lince it retains temper even at red heat it lervea m an 
admirable subetiiute for tungsten in high-speed tools. 
Steels with less than one per cent molybdenum are 
required in theautoxnoMe and railroad industries, and 
for making agricultural implements, whilst high-molyb* 
denum steels are favoured for permanent magnets, dies, 
rustless steels, and high-speed tools. Leu than one per 
cent of suflices to impart beneficial encta to 

steel, rendering it resistant to fatigue, shock, and iwisilrtg 
strcits and thus well adapted for service in axles, shafting, 
springs, and other pars involved in strain. Moreover, 
when used in comlMnaiion with molybdenum, vanadium 
endows steel with the valuable charaeierisiica of high¬ 
speed tungsten steel. The chief economic minerals from 
which vanadium is extracted are the sulphide, patronite; 
the yellow vanadate, eamotite; the chlorovanadate, 
vanadinite; the mica, roscoelite; and the complex lead 
vanadate, descloialte. Considerable quantities of the 
metal are also obtained from the treat merit of soot col- 
leclecl from ships burning Mexican and Vencsuelan oil. 
The minor ferro-alloy metals include c&kaU, which is 
recovered principal ly as a by-product of Central Africaa 
copper ores containing the sulphide mineral, Ilnoaelte 
(O01S4), and black oxide* of cobalt. Formerly nest of 
the metal was obtained foom smaltiic (CoAii) and 
cobaltite (CoAsS). Meulllc cobalt is utilised mainly la 
'stellite*, an alloy of cobalt, chromium, and Tungsten or 
CQolybdeaum, which is capable of machifting hard metab 
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npidly «vcn at high tc(np«muie. Corroslfrn.re»ttiing 
KmIj suitAble for rosor'bladci And jurpcil inilnijaenu 
commonly coottb eobolc, ocd Aisong the most |>owerrul 
pcroiAnent iragnets Are those Ritde of cobAlt<icb iteel, 
which Are CAptble of lifting more then sixty limes their 
own weight. Titaiiittm, won from the minerAls ilmenile 
(PeTiOj) And ruiHe (TiO|), is employed to a limited 
extent for removing oxygen And nitrogen from steel* 
And AS An tUoying Agent to ineretse the tensile strength 
of chrome steel. Within recent yoArs rilinn steels, 
endowed with improved elAsiidty, hAve been used ibr 
CAT springs sold bridgework, And on Account of their high 
resisiAoee end magnetic permeAbiliiy they find ipeciAl” 
ised service in eleetricai machinery. 

^ireffnium, derived from the two mioenls, zircon 
(ZrSi04) and baddeleyiie (ZrOi), b a comparative 
late*coimer to the steel industry, where it is sometimee 
used in making ansoui plate, projectiles, and high* 
speed cutting cools. Much of the steel employed in the 
manufactuxe of tanks and other anoaments in Australia 
during (he past few years bad to be hardened by small 
additions of zirconium extracted from the zircoivbearing 
lands of Kew South WaJei, because the continent was 
then cut off from supplies of the commoner hardening 
metals. 

Cffifitr, the first utilitarian metal of antiquity, itill 
ranks as the meat important of the non-ferrous meials 
and is second only to iron as a metal essential to indus¬ 
trial dvUlution. It b extracted chieHy from the sulphide 
nioerab chakopyrite (CuFeSj, ehalcocite {Oj|S), and 
borniie {Gu|Fe5,), and from various green carbonates 
and sulphates of copper. Within recent years the annual 
world production of newly mined copper has exceeded 
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two million torn. Tbe rapid crowth of copper productioo 
dunnf the put fifty yean u ifiilmAiely related (o ihe 
expansion of electric power fCBenitsoiL Copper 2* the 
handaiaidcB of elecirieity, mere half the output 
of the oietil bdn f coMuaed ao the ‘pure’ fom tn the 
productioQ, trasumiiBOA, aod ubiizeiaon of elcctndty. 
In the realm of ooc»4«reus aUeyi copper ii the hue of a 

greeter range of diRereat alto)^ than all other metab 
combjftcA Tvro of the ben knowa copper alloyi arc the 
braoer, contpoeed of copper aod aioc. end the bronxo, 
cOQiiitiag emcntially of c opper aod tin altboi^b tine and 
several other metals may abo be p rtsc ot as minor coa- 
sutuenQ. The familiar penny is a ‘brosue’ eontaiaiog 97 
perceot copper, per ceat aioe, aod 0*5 per cent tic. 
Among the scores of other copper-beariag alloys are 
Monel metal, a corrodon-resslmg oiekel-<x>ppcr alloy 
used for turbine blades, pusap and kitebea ware t 

and nickel«lver, fonoerly called ‘Genoao silver*, with 
65 per cent copper, together with sac aad nickel in 
equal parts, used as a popular basis for plated diver 
tableware. 

l^ad and ow probably rank nort to copper as esseniial 
non*ferTous osetals io loodem iodissuy. The great 
increase io the consumption of lead during tbe present 
century has been due largely to the heavy demand for 
the 'bast* oietsU for making storage battery plates, as a 
covering for deetrie cables, and for the manu&eture of 
'white lead' and ‘red lead* pigmeam. Most of tbe aeial 
is recovered from tbe ample miaeral, galena, 

PbS. A hundred yean ago sine metsd had very few uses 
beyond eentribucing to tbe small output efbr^, Now¬ 
adays, tbe process of ccatiog chio sted sheets and wire 
with metallic zinc to prevent nisuiy, known as gdvanix- 
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accounts for about half the world's coniumpilon of 
zinc The remainder is prixicipall^ used in the raanufae* 
ture of brass and in the rapidly expanding pressure dJ^ 
casting industry for making automobile carburettorii 
petrol pumps, hub caps, and radiator grilles. Zinc is 
obtained mainly from the mineral sphalerite, or zinc 
blende (ZnS), though the carlMnate, smlthionlte, and 
the hydrous silicate, hemimorphite, are minor sources of 
the metal. 

Although iln was certainly one of the first metals cm* 
ployed by man, It was not until the nineteenth century 
that U was used In Industry on a large scale. In iHon the 
annual world production of (be metal was los than 
9,000 tens, whereas tc 1940 it had reached nearly 
950,000 tons, pracUcally the whole output being obtained 
from the oxide miners, caaslterite (SnO|). During 
aodent and medieval times tin was used mainly for 
making bronze weapons, IxDplementsand ornaments, and 
pewter uterulLi. Ac present, by far the greatest single 
use of the coetal is for nuking the lowly 'tin’ can, coO’ 
slsting of thin sheet steel coated with 0 veneer of pure tin. 
Within the past twenty yean there has been a speetao 
ular Increase In the employment of tin cans fbr food 
storage, nearly 400 million beirtg made In Great Dritain 
alone In Actually only about one per cent of the 
weight ofan empty can consists of tin metal, one pound of 
which is normally sii/Bdenc to eovor more than ooo 
square feet of tinplate. Temc plate, mn Jc by applying a 
coating of tin and lead Instead of pure tlit, is utilized 
largely for roofing and for making petrol tanks for auio> 
mobiles.' Nearly a quurter of the present production of 
tin is allocated to the manufacture of llmmlths* and 
plumbers' solders, wlileh are alloys of tin and lead used 
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chiefly in iddenof dn cniM» AutoroohUe ndUton, uid 
electricnl equipmABC. *BAbbit' or benrinf metxl, era* 
tnining About 90 per eeoi tin. 7 per cot Mtinoay, tad 
$ per cent copp^ b widely esapleyed for bearii^ in lir- 
crAft, locomotives tad rnirhiiwi, tad ApproximAtely 
7 per eeat of Uie vrerU’t Ua output lu>di m way ioto 
vaHous types of bronns. 

Half A eentury Afo neallic Awfeiuw was rcjarded as 
An expensive seientiftc eunosity altboi^h, next to oxyfeo 
And illicon, it ii the third most abundAnt elemeet in the 
esirth's eruit In 1937 Marty hAlf A million ton of tbc 
metal were produced, the world output mine to the 
millioD mark in tf^t aod soart^ to nearly two million 
tons ia 1943. By far the most naportxm source of the 
outal is the rock batcdie, a fine-snined mirrure of 
hyilmus aliunlnnim oodc mincnls iacltiding gibbste, 
Al(OI*I),, aisddiA.^»ore, AiOfOH), usually coatammated 
with iron. Lightnesi, strea^th, rtectncxl eondueti'nty, 
and reliance to co rre at oa account for the freat popular¬ 
ity of alumiaium ia modem iodiatry. Be&re the recent 
world war tbe metal wns ban; widely used in aeraplaae 
construction, streamliDcd trains, ausomobtlee, cootin; 
utensils, and household ap^ianees, aod a rurprina; 
amount was consumed instead of copper in elMthod 
power transmisBoa IkMs. The ^wtoaMnal mcrtiM 
in tlie preductioo cd alumiiMuoi duria; the past few ymri 
hs4 bm duo principally to tbe insatiable demand for 
more alrerift, la which the metal is used both la tbo pure 
form and in lifht alloys of bifh teosUe strength, such as 
duralumin (96 per cent akimioium, ) pa cent copper, 
together with magoesium and maaganese). 

The expansion in tbe demaod for metal and 

ill 'uliradight' alloys ia receat yean is without poraUel 
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la the hatoiY of the we of meuU. Thirty year» a^ 
magoe^um, one of the lightest of jaeuU, was used 
m&inly as photographic flashlight pev.rder, and in 290$ 
the total world production of the metal was only 1,600 
(ODi. By the end of 194 r the annual output had reached 
100,000 tons, and in 1943 it amounted to 250,000 toni< 
Until about ten years ago most of (he world’s supply of 
magneiium meta) was produced in Germany, where it 
was obtained by the electrolysis of molten magnesium 
chloride derived from the famous salt drpceits of Stala' 
furt. Natural brina from deep saline wells have provided 
considerable quantities of magnesium in the United 
States, and the metal is now bring extracted from tea- 
water 00 a large scale in Great Britain and elsevrhere. 
Since a cubic mile of ordinary sea*water contains more 
than hve million tow of magnesium, the potential 
reserves of the metal are virtually illimitable. Other 
sources of magnesium include the mlneraU magnesite 
(MgCOs) and dolomite (CaMg{COs)«), which are alio 
widely employed for making reTraetory brides for Iming 
jted furnaces and basic converters. Magnesium metal ii 
used chiefly in light alloys in aircraft and autoRU»bllc 
coaitruetion, for erank-caua, engine parts, frames, and 
so forth; it also icrves as castings for optical instruments, 
cameras, vacuum cleaners, portable typewriters, and 
artificial limbs. Much of the recent war demand for the 
metal was required for nsaklng incendlary-botnb casings 
and flares. Metallic mignaium is now llnding incrcMcd 
service in the metallurgical industry as a deoxidlaing and 
desulphurising agent in the manufacture of nkVel, 
Monel metal, brass, and bronze. AJuminium is the most 
imporiaat alloying addition to magneiiuBi, though 
manganese is almost always incorporated io small 
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jmounu, and ziAc is oAcB wlded. SgehaJleyspoc^^che 
^reac advanUp cf !ichf&ca, nrmcih, ud r«ady 
machinabilic/. 

From (bu i«ocnp*e« review of d»e acre important 
metals of the ir>duatru] ap we past to a brief eoniider* 
aiion of lorDe of Ibe mieor meuli i^d minenU which 
■re comparatively oew to ioduMry aad lo many 
cues have leapt fmm oberwty into preciiiwnce 
within (he pati two (keada. For convenience we sball 
deal with ihrae min^l raw maierials in alphabelknl 
order. 

Andslusiu, an aluminium dliratc (AlgSiO,), war fint 
mined about twenty*rtv« yean ago in the United Sutu 
for use in the manulaeture of cenmk ^arinng>^ug 
ceres, chemical ami Insulaiiag porcelain, and special 
refractory bricks emptoyed in deetric furaaces and 
cement kUni. Recently the mineral has been worked in 
Scandinavia as a source of metallic ahmuniuja. 

AptiiU, a calduin pbesphale mineral, o widely dktri- 
buted tn nature but h mined 00 a large rri k oaly ia ibe 
unique deposits of tbe Kola Peninsula in Nenhero Rumn, 
discovered in lO^S. These immense deposits now yield 
more than ewe milLkn tons of apatite annually for the 
preparation of superpho^hate fertiluen. 

a variety of day which either swells eoor* 
cBously in water or hu strooc abaocptlve propertlo, ia 
unrivalled u a blcachief afent and as a filter lo oil 
refinin|. It Is also In frowinf demand ibrrseooditioAiog 
mouldir^ sands, for rotary wdl^riUmg muds, aed a 
boat of other uses. From a negUgihle quantity twenty 
years ago produetioo io tbo United States alooo now 
ccceeds 950,000 tons a year. AsiinUaraiiiouAtorfulkr’i 
earth, analcgous to certain benioalte, is befog exploited 
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for potrolraiT) rrfming ftjid (he olaririculion cf vegei^ble 
oiU ftiul tniiTial 

The mineral bv^. a beryllium lilteaie. i» praclictity 
the only coounercial wuree of ihe infhntmeial beryl lium, 
which, when added to copper or aluminium In imall 
amounti endowi ihoae metnh with greatly inercaied 
teruile itrength, corroiion* and fDtigue*re«Ulnnee. 
Vibrator springs made of eopper-baae beryllium tllnys 
are reputed to show no dclerioraiioR even uller being 
stressed hundreds of mil lions of tunes. Such endurance 
has woo fbr beryllium the epithet of the ‘tireless metal’. 
The alloy is also used io many typa of instrumen t springs, 
valve, switches, and carburettors, aod because of its non- 
spar Ittng properties it is valued In explosive faccories and 
cil relmecies. Beryllium can be employed as a source of 
oeutrons for the bombardraent and splitting of uraoiiim 
atoms, and for slowing down the high-speed fission 
neutroiu emitted from uranium ia order to ccncrol the 
chain*reaction involved lo the explosion of an atenue 
bolnb^ 

Bffrax, a hydrous sodium borate found mainly in the 
desert regions of California, is not only a wclJ-known 
household ooramodtty but also serva in a suiprbingiy 
wide range of induitrlus. ?roduetioD of thU iiuportaiit 
mineral has more thnn trebled since tpeo, owing chiefly 
to its growing use in the manufacture of hvat*rrshling 
glaa of the Pyrex type, eruundware, glasi'S, and iluxca 
for welding metals. Bnteiu. magnesium h>‘droxide, 
Mg{OH)a, now being mined in Canada and tba 
United States as a source of metallic inagneiium and 
for the manufacture of furnace rdraetoriea, has been of 
commercial importance for little more than ten yean. 

Cadmium U a newcomer among metals. Its produc- 
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tion &A* multiplied npidfy dtiring tbe put tweoty yuin» 
nuinly for useu a njula»co«tin( m iroo, ai a cadmmni' 
copper alloy for troUey wires and loiy »p 4 ns, and 
as an alloy with akkcl, or caher and copper, la 
pressure aatwfrkiloo bearinfs io aunoebjla. Much of 
the cadmium of coianeree u derived from the somewhat 
rare sulphide auncral frcenocUie, CdS, the metal hdr^ 
obtained eatir^ as a by-product cbkdy from the 
smelling and rHuuag of tioc om coMauurtf cadmium* 
bearing bknde aod Rreoioddie. Caeraa is extracted 
mainly from the rare mineral poUMdee, wfaiclt is mined io 
South Dakota. Although iia loduscrial eoiwumption is 
small, this Ught-censiiive metal has important appKca- 
tlons la tbe photoelectric cell, the letma of the ‘electric 
eye*, used ottcnsvely in taUng pictures, tclevinon, 
tnlHc controls, alarms, and ^>paratus. It 

serves a& a 'go*getter' in removiog ihe last eracea of air 
in radio valves. Although calnisn is oeie of the most 
abundant elements m nature its use in metallic fortn 
as a scavenger or de c sodae r in the refuting of copper, 
nickel, and other aon- feii oiis metals is only of recent 
practice. It is also in current demand as a hardener 
of lead-l>a*e ahoya, stnee the addition of as little as 
0*04 per cent of calekim metal nearly crebks Ihe strength 
of lead beaickv producing an ag^hardening edect. 
Ctrim is esttmeied together with other nro*carth 
elementi from tbe mineral ncMzite, a cons ti tuen t ol 
ceriaiB beocb sands. When alloyed with 50 per eeot of 
iron the cerium reetab foras a *pytepbone’ alloy now 
etteruively used as ‘fliais* or sparfcen for cigarette 
lighten, carbide lamps, dtc. Cenwm is also gaining 
Jhvour for use Jo are*lajDp cleetrodci, glassware, phot^ 
graphy, and, because of Hs great aSalty of oxygao, as a 
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meul scAvenger. The oxide, ceru, is still used m con* 
junctioQ with thorium io the rntnuTiteture of incandes- 
eeot gw msatles. 

Id recent years there has been a remarkable increase 
intbeuseorAvnMdifbrindusiriaJpu/pcws. More than 
rwo*thirdi of the annual diamond production of about 
eighteen million carats U oow used for diamortd drilling, 
diamonds machine tooIi> diamond dies for wire 
drawing, and in crushed form for Ixuidnd abrasive 
wheels and saws. The Brasilian black diamond, carbon* 
ado, and eapecitUy (he dark-colcured or flawed diamond 
known as bort, are the two chief types of abrasive 
diamond, most of the production eomiog from illuvial 
stream and beach deponu in Africa, particularly those 
of the Belgian Congo. 

Fei^psf, the commonest of all rock*lbrming minerals^ 
has long been used in ceramics for manufacturing pottery, 
tiles, and glazed wares, and also for making enamels, 
but during the past decade or so more than haJf the 
world’s yearly production of 900,000 tons has been 
utilized io the glass industry to contribute alumina to the 
glass batch. 

Leas than twenty years ago the annual world output of 
vtdivm wM a fraction of an ounce. The metal, which is 
derived chiefly from zinc>r<(inery residua, is now coming 
Into wide use as a protective surfacing for bearings io 
internal combustion englna, as a corro«on‘resiatant 
dental alloy, and as a non*tamishing plating Ibr silver¬ 
ware. 

Za 1996 a oew sodium borate mineral, ktmiu, was 
discovered in association with borax io the Mohave 
Desert of California. It is now the chief source of the 
world’s refined borax, more than go per cent of which 
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comes frem ihe woten Uiuied SuttA n 

ftiumiAiuA siUcite miacnl, AlfSiO» bw Kuaed ooi* 
siderable favour sisee 1930 » a material for nuking 
hieh*|Tade potcelam foripartiBf-ptu(».it£iuctory bridu. 
and for teufbeninf glas. 

LUhiumf (he ligbiast of meak, obuined ehie6y from 
lepidolite mica and the dkkace mineral tpodumeae, ii 
now Roding service aa a hardeoer in vahoua light allo)9 
and bearit^ metals. Owing to its hygw co plc properly 
lithium chloride k in grow i ng demand for air<oaditio> 
ing and indujirial drying. Id addliieo to the c^tinued 
use of lithium compounds in pbamuceubea^ the mineral 
let^oUte is being employed to an increasliag extant is 
the manuTaeture of glas and. enamels. 

MonaaU, already meatiooed as the source of cerium, 
also coninlMte most of (he world's thorium, tdll widely 
used for makii^ iocandaoent gas numtks and for reduc* 
ii^ the brittleoeas of dectric light filamcota. Thorium is 
oneoflhckey ekmeatswUcbpocscaschanctcristics essen* 
tial for atoreie bombs imI as a potential source of atomic 
onergy, for it is fialonable and has ao bocope capable of 
violent explosive chain reacuon. The wodd't annua] 
consumption of monaaite before the recent war was about 
5,000 tons, the mineral lodf eontaisaing from s to to per 
cent of ihoria CHtOO* Thorium diendde is a luper- 
relraciory used in ovcsblea for naelUngpure metals at 
temperatura up M a,900*C Tbe mesothorium which 
alwaye accompanies thorium in monaxiie as much mere 
radioactive than radium a^ is higbly valued in the 
treatment of cancers and maljgnam skis dkeasca, and is 
a coiurituent of lumanous paiata. 

HiphitiM, essentially a aodhim ahimuiium lilieaie, bai 
within tbe past decade rivaUed fohpar as a source of 

0 
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klumins in tbc gisis ftnd ceramic industries. In the Kula 
PeninsulA oTNorihem Russia nepheline la being mined 
on a large scale ai a substitute Ibr bauxite In the menu* 
faelure of metallic aluminium. called colum- 

biuni in the United States, is obtained mainly from tho 
mineral colusnbite, (Fe,Mn)CbtO». It was practically 
uselms twenty years ago but is now employed to Improve 
the welding properties of stainless chromium steels and 
highspeed tool steeb. Because of its great alBnity for 
gases the isetal is a valuable ‘getter* or absorber of the 
last traces of gu in radio valves and vacuum tubes. 
Most of the supply is derived from tlie eo) umblte deposi b 
of Nigeria, the recent annual procluclloo being about 
iiSOO tons. 

Production of the pfstuam metals has inereksed enor¬ 
mously during the present century, and now exceeds 
6 oo/>oo ounces a year. Apart from their popular use 
in jeweHexy platinum and palladium have wide applica¬ 
tion in dentistry, as catalysts in the manufacture of 
sulphuric acid, in electrical apparatus for contact-points, 
in thermocouples, laboratory equipmeor, and as linings 
for processing and reaction vessels. Osmiridtum is well 
known in the form of tips of fountain-pen nibs, and 
rhodium is rapidly gaining favour as an uniarnishnblo 
film on silver articles. Most of the world's platinum 
meitb are recovered as by-products of the refining of 
nickel-copper ores at Sudbury, Ontario, arul from the 
river alluvial deposits of the Ural Mountolns. 

We have already mentioned the remarkable develop¬ 
ment in the use of piezoelectric quarts eryslaU (page Sg) 
for radio-frequency control and Jong-dbUnce telephone 
communication. Owing to heavy war demands Brazil, 
practically the only source of suitabJe crystals, baa 
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recently been exporiu^ meoy cheuitadi cf teoa of 
piCTOdectrie ^uwb> whcrcAi ibe Annual world ou^c m 
i$io •mounted to only eboul to tons. 

R a i wm , • diaotegrmtioo produce of unnium tnlMreJi, 
It cbieAy employed a euretivc medkine* etpeeielly io 
the treatnent o( ctnecr and Ain dUeaset. LusninoA 
paintt ibr dJab, n(M, gun-dfbu, and to Ibrth co&tume 
about 10 per ecm oi the total annual producika oTabout 
900 fXD., and email aaouotj are uaed ibr detecting inner 
Aawt io metal eattiop and ibegirtfs. Canada and the 
Belgian Congo are virtually the oely impertarn pro* 
ducers of radium. 

Sflmuon, a by-product obtained from tbe dectrolytic 
refining of cop pe r om, is being uted ia rapidly incruain; 
qunntitict, largely for decolourizing green glass and at a 
colour ^gmcnt in ruby sgnal giaas. Since the electricd 
condueliviiy of telcuum it proportioDal to the intensity 
of light lalling upon rt, the meial is employed in pbottK 
electric cells in cinema *talUe’ sDcchaaiim, celevuioo 
apparatus, automatic street lighting, burglar alarms, and 
other ingenious devkn. The avenge annual output d 
selmiucn is little more than joo tons, and is derived 
almost wholly from the treatment of copper ores in 
the United S lata and Canada Althoi^h riJtcM is second 
only to oacygen aa the conunooeat dement in the carthb 
crust, the metal is aoseng the isewcomer* Co iDdatry. 
inemsing anounti of it are being used as deoxidking 
and heating agtna to making steel and ferro-alloys, and 
the addition of about one per cent of silicon eonfen in- 
proved elasticity to steels suitable for car springs and 
bridgework. Large quandtses of silicon, extracted Ixoni 
quartz, have receDtly becD incorporated in a valuable 
series of ahiratoium aUo)e, (he meal useful one containing 
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about la per cent siUcop. These alloys, which po»ns 
hl^b strength, ductility, and excellent castability, are now 
in considerable demand Tor diesel engine mounclngi and 
for gearbox casea and crank^caaes In ether internal com* 
buiilon engine. Stdim, another common element, has 
only been produced m a metal on a commercial scale 
within quite recent times. It is extracted from the well- 
known mineral reck salt, or haUio, NaCi. The annual 
output of the metal now exceeds 8,^0,000 tons, most of 
which ii used in making tetraethyl Irud for anti-knock 
petrol, and In the manuTacture of synthetic indigo and 
sodium cyanamide. Small amounts of the metal arc 
employed for improving the InlrrnaJ structure of the new 
alucninium-riiteoA alloys, thereby endowing them with 
much greater hardness and toughness. 

Tantaltan was first used commorclally in makiog 
frlamenis for incandescent eirctric lampx, but was 
superseded for this purpose in 1911 by tungsten. Owing 
to its remarkable resistance to aetd corrodon, isniaium is 
higlily valued in acid-resistant apparatus, surgir.tl and 
dental instruments, and by the medical pioression for 
pins, plates, and screws in bene fixation. The great 
capacity of the metal for absorbing gates makes It 
valuable in the conitrueilon of vacuum tubci, and it is 
also utilised in the plates and grids of radio valves. Since 
tantalum carbide is almost as hard as diamond ic lervea 
admirably for luper-batd lipped tools, and because the 
metal allows electrle currents to flow in one direction 
only it acts u an automatic rectifier of alternating cu rrent. 
Practically the only source of tantalum is the mineral 
unulite, (Pe,Mn)Ta, 0 », which is mined pnncipally in 
Western Australia, the Belgian Congo, and Braail. 
Teiluriwn metal is obtained wholly from the slimes formed 
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during the elcetrotyiSe refiznog of copper ora coAtAiniag 
tnea of ttlluriun. IWSvo yean ago the total aosual 
production of the oeial wat about one ton, tioce wheo 
it hu rUeo to approiamat^ 90 tev, of which the 
Uaiied Stats eeoiribucca aO but a few tone. It b uNd 
la the maouTacture of bard tou^ rubber for ho*e and 
cable eoverinp, aad ibe additioQ of im thao one*ten(h 
of one per cest teUurium endow* lead with inereaMd 
bardncai, itreafih* and rcahiaoce to ccgo ii on artd wear. 
Smalt quaatitie* of teOunua are employed in producing 
Iriu* and brawn data b glaa and porcdaic, b eorroaion' 
reaUtant coatbgi 00 certaio metalt, aod b aone 
aluninium and rted alloya. 

TtMnom haa recenily become aa uaportaot industrial 
substance laigely because ka mode yi^ a white paint 
pigment of extraordinary wearing power, much superior 
to lithopone, white lead, and xIik mode. Other use of 
the oedde are in the osanubccure <f lacquer enameb, 

porcelain, ardSdal teeth, glaas, nyQ(i,rubba. endpaper, 

whilst the tetrachloride amvet to produce tmoke^ireens 

andsky writbg. The mesal baa a Umiied use in removing 

oxygen and nitreges from ated, and as an alloying 
iogredicDt in hlgfa- j p eed steels, ehroauuin steels, aod 
some complex aluouiiiujn alJoyL Kenmetal, a tungsten* 
titanium carbide of great haHiwm. k wd in cuteing 
took, valve seats, and wherev er remuoee to wear is 
eaaeatial. Umeniie, PeTiO^ and to a smaller atenc 
rutile, TiO» are practically the only eotaeicrciaJ eoureos 
of litaniucL Curiously eoough the fonner, alihou|h a 
dense Uaek mineral, a used for makii^ white pigmrais, 
whereas rutile b mainly ea yloyod b electrie welding'fod 
coatings to itabilsse the arc. Tbe productioo of 
Umenite, largely derived from the mndi of 
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Travtncore» S. IndUi fiAd the titaniTerous ores of ibe 
AdirondAcks, Quebec and Norway, now exceed# a million 
tons, whilst the output of rutile is approximately 
30,000 toru. 

Until a few yean afo u’ 6 ii>v»t ore was mined not so 
much for the metal itself as for its radium content, thou^fh 
salts of uranium have long been used tor making Irides* 
oent glass, for imparling yellow and brown tints to glass, 
porcelain, and pottery, as ixiordanii in dyeing and 
calico-printing, and in photography. On an average 750 
tons of uranium ore ^rt needed to produce about $ tons 
of uranium salts and 1 gm. of a radium snk, ocid j r,ooo 
tons of ore containing 1 percent U|Oa would yield one 
ounce of radium. With the explosion of the atomic bomb 
on Kiroshiraa m 1944 the public became aware of the 
startling amount of energy pent up inside the uranium 
atom, and there can be no doubt that the principal use 
of the element in the future wUl be in die realms of 
atomic energy. About 0*7 per cent of uranium consists 
of the isotope 'U>e3$, one pound of which is said to eon* 
emo latent energy equivalent to the power developed in 
burning nearly 2,300 tons of coal or 1,300 tons of potr^. 
To release this latent energy the isotope 233 must be 
concentrated from its parent source and bombarded with 
neutrons so as to provide the explosive atom U-ogS, 
which violently relesses its energy when brought into 
contact with a source of hydrogen. The principal ore 
mineral of uranium Is uranioite or pitchblende, approxi¬ 
mately U0|; its brightly coloured oxidation products 
contribuce subordinate amounts of the metal, as does the 
yellow hydrous vanadate, caraotite, found disseminated 
in sandstones in Colorado. Until a few yean ago, eho 
pitchblende deposits of the Great Bear Lake in Canada, 
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dUeovered ia 1930, sod iboM of tb« ficl^ Congo, 
c^ed up ia 1983. yMU«d ncsrly tU ihe world output 
ofursnium. Producdon from (hes« two Cunoui source*, 
however, u cmjw supplem e n ted by eo UKreMUig output 
from msny receaUy d h co w ed unfuuo*bosnng depoelu 
in Northern CttMuio, the United States, South Africa sad 
O^Mcnslaad. The gotd mines of the Wirwateitrsad snd 
the Onrtge Free State eurrcody nak as unpertaat con* 
tributon and are to become iD^|or produeen of 
uranium ore in the aear future. 

VtmittUiu, aa altentioe product of biodto and pblogo* 
pite micas, ecpaada on heatisg to as much aa sixteen 
times its originaJ volutne. little more than a miaerat 
ogicskl euriostty tvmty^vc yean ago, it aow daiaia 
iocreasing attcatun as a heat sound miulntor whea 
used ia a loose tonn or imxed wth Fonland cemoot, 
cooerete, and Rasters io various mouWed slabs, Sexibk 
sheets, aod (dastic Mast of the worid*s produi> 

tioe, BOW amoundag to mom than ftoo^ooo tooa a year, 
comes from Mootaaa and South Africa. 

Wo have outliaed the fiinction of oertaio iron and 
ferroalloy auMrah during the induscrial age, tod 
indicated the role of tome of the many minerals (hat have 
attained commercial importance ivithia the past two or 
three dwedo. New methods of utihsing ninaals ire 
constaady being rlisrnvrrrd, and as a result of intensive 
research during the recent world war the industrial 
demaad for many minerab ta sure to be on a greatly 
increased sca l e . 


CHAPTER XIM 


SOME INTERNATIONAL ASPECTS OF 
MINERAL RESOURCES 


No niiiion or ariiti^iotc supplies 

of •!! the ininvralj ne<'<-«ry f«kr i« iiulustriul tiwl 
agricultural nwls. This u itca surprising when it u 
realwccl that certain essential miticraJs arc remarltahly 
ratricLcd In their diatribulinn, and ihcvt U s tlian (me per 
cent of the earth’s land surfiK r n>wi* minrra] aepottirt of 
economic importance. Tlie w.huno and variety of 
mineral raw matcrbls required for maintaining the 
industrial status of a couniry arc *0 great that national 
eelf«suihciency in minerals cannot be attained even under 
the exigencies of war. Moreover, as ‘new*, comparatively 
rare minerals enter the expanding livid of industry, 
nations become ever more inierdepcndeni for their 
mineral supplieK 

Many countries are devoid of most of the minerals 
they require, and even the three great political units, the 
British Empire, the United Stain, and the Soviet Union 
must each rely upon outride sources for some eveniial 
minerals. In the ease of certain mineraiN the world has 
recently been largely dependent upon restricted areas 
for iu supplies, such as nickel from Sudbury in Ontario, 
molybdenum from Climax in Colorado, borate* from 
the deserts of Galiromla, picaoelcctrie quarts from 
Braail, and uranium from the Great Bear Lake in 
Canada and from Chinkelobwe in the Belgian Congo. 
Freedom of access to mineral supplies and their unintex' 
no8 
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ruptMl lAteniAtioiiA] flov ixe thut otteswy for the 
ecorwbk pro^erity of iodutcml oaiioru* the 
impodtion of bturien to worU trode m minerels eontri* 
buco CO Intenatioaol diihonaooy. 

The doaire to noqutfo earn bumaJ wealth has lonf 
been an urge to loiperialism, nod oo many oecwiotii 
throughout bstory powerful utioatf have resorted to 
eenquat largely ia order to gain vmluabk toinenl 
depocits. 1 a our own tim the ac^uifitivcnem of the 
Geriaaa and Japanese ruler* was aggravated by that 
eageroeai to posme oscBtia! miaeral raw ffvatrrials 
defident is their owa countnea, aad this ersving uo* 
doublcdly helped to predptatc world cosQiet. Go»> 
peiidon axDong the isduAria] nations for the 

poliiical and eocninemsil cmuoI of ouxtcral depeats wiO 
probably contisuc until (hcae rcseureo, regardkas of 
(heir location, conse to be regarded as the hehcage of all 
peoples, to be cepketed for the common good 

Necouatry can wage p r o tracted war without amassing 
or having aecta to (be mineral raw materials necessary 
for the majiuracture of modem artnaiDems. Mineral 
supplies have this profoundly affected tbe course of 
conflict between aacioes, and inte m a twei a l niperviaioB 
of their allocation ia recent yean might have served to 
eontroJ or even prevent war. With tbe advent of the 
atomic bomb the allied natiom have been quick to 
realise the aecenity of eenttnlling tbe production aod 
diiiribution of uraniuin aod iherwm om. 

CrrotJrsMseb now so deficient in the 0^3^^ ofiodtu* 

trial minerals (bat it difficult to bdievc that duriog 

the ruoeieenth century ifae wu luecaively the worldU 
largest producer of lead, copper, tin, iron, and coel. 
Her great iodmtrial scref«tb wv buOt chiefiy oo her 
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naourctt coaI and iron, and on cheap transportation 
to the world markets. With the iotroducllon, during the 
last quarter of the niAeteeoth century, of manganese 
steel and other ferroalloys endowed with special pro* 
pertiet, Britain's ecoooreic independence waned, for the 
vital constituents of the improved steels had to be 
imported f>om overseas. At the same time, increased 
coils of deeper mining, and the discovery of richer and 
more easily worked base*metal deposits in many other 
lands, caused Britain’s small copper, lead, and tin mina 
to lapse into comparative iiuignificanre. Apart from 
coal, iron ore (mostly low-grade), baryta, ehina*eiay, 
duonpar, gypsum, salt, and strontium, the United 
Kingdom is now almost wholly dependent on Cmpire and 
fore^n sourca for her minaal supplies, the sevaaneo of 
which would cripple much of her industrial life. 

Even the far*flung Sritish Smpirt must rely almost 
entirely upon outside sources for antimony, borata, 
mercury, molybdenum, potash, and sulphur, and has to 
import from outside the Empire coosidemble tennnga 
of other minerals, including bauxite, magnaite, and 
phosphata. On the other hand she has a virtual world 
control of nickel, gold, platinum, asbatoa, and strontium, 
together with an execas of lead, zinc, tin, chromite, 
manganese, diamonds, sheet mica, radium, and uranium. 
In 1900, the Uniud SlaUs ^ Amenta displaced Great 
Britain ai the world’s foremost producer of coal and iron, 
and her preseot position as the premier manufacturittg 
country Is due to her immense mineral wealth, which 
includes abundant reserves of fueli, Iron, copper, lead, 
zinc, phosphates, sulphur, Ac. (see table on p. ai 9 ). 
Nevertheless in pre-war years the U.S.A. had to import 
93 per cent of the manganese essential for her enormous 
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ttcel output, 4nd in addition to bdng devoid of domeetk 
re»ouro«B of tin, nickel, «nd diamonds, ihe ladu Adequate 
luppiio of chromiiun, tunpien, antimony, platinum, 
ubeauM, aheet mica, flake graphite* and several other 
mineral comnodities. We have previously referred to 
the tremendous increase in the development of mineral 
resources in the S^it Unm during the past two decades, 
and it may well be that as a result of intensive scientifk 
prospecting the U.S.S.R. will become practically ieir< 
supporting, though at the present time she appeart» lack 
sufhcient resources of tin, tungsten, and possibly nickel 

The degree ormuers/«(/‘<ji(^lamryof aeouncry depends 
upon its capacity to supply requirements from its cpwn 
doircsiic resourea. For general purposes it u usual to 
base the consumption of a particular nuneral on statistics 
of total home production plus imports, lees axpona 
The tabic co p. 21 8 indicates the degree scIf«suJ 5 dency 
in the principal ecooorsuc minerals for the major 
alLed nations, according to 1952 stathdes. Of the sj 
sunerals listed (excluding coal and oH), the British 
Empire was more or leas doBcieot in 7, the Soviet Union 
in 8, the United States in ig, the French Empire la 15, 
China in id, and Great Britain in sa. Germany, Italy, 
and Japan are each leas ielf*sufficieDt in mineral resources 
than the French Empire. 

It should be stressed that this table merely reflects the 
extent of mineral production duniig 1953 in the countrie* 
named in relation to the amount consumed, and it exuy 
bear little connexion to the still undeveloped resources 
of those countriei Clearly, countries with large manu* 
(aecuring capacity, such as the United States, may be 
deAcient In certain minerals whibt actually producing 
much more of them than other less industrialised oationi. 
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Alchough ther« doo oot app«ir U be an immediate 
danger of a ihoruge in ibe world »gpp!y of any particglar 
mineral, the fact chat mineral depoaita are c^auatible 
aaceCi chat are bdng depleted ac an increasing rate 
focuses attention on the problem of available resoureo 
and their conaervation. The accurate eacimation of most 
mineral resources b usually Impoisible, for ao many 
unpredictable factors are involved In connexion with the 
occarrence and discovery of mineral deposits and their 
workability. Under favourable circumtunces it may be 
possible to appraise the reserves available within a certain 
miiung field under existing economic condliiona and 
technological practice, but in general only broad 
quantimtivc estimates can be made. When a miobg 
company publishes tbe tonnage of ore reserves in a 
particular mine, it usually refers to the amount of ore 
proved or partly proved by survey, drilling, and uj>der- 
grouod development, without taking into consideration 
the additional possible ore that may be present but has 
still to be proved or partly proved. From the national 
viewpoint however, both the known and the uaproved 
ore must be iecludcd in the toul mineral resources. It 
must be emphasised too that iraproved methods of mining 
and nteiallurgical practice reduce costs and coasequratly 
may bring within economic range material that wm 
previously discarded or eonsldered unworkable. For 
example, cfrtclentlarge*eeale mining aad (he introdualon 
ofolURotatlon methods of ore^eising made poidble the 
successful exploitation of immense low*grade copper 
deposits in the United States tod Chile, and of lead-sino 
deposits i n various parts of the world, which at the begin* 
ning of the century wore r^arded as worthless. It is 
reasonable to Infer that just as the useless material of 
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yoterday hu b«com« valuable, so in the future 

mineral deposits now thought to be too poor to work or 
loo inaccesible for profitable extraction will be mined 
aucee«fully. Moreover, since the term mineral deposit, 
in the ithet sense, refers to an aeeumulaiion of metallic 
or non*metallie minerals that can be profitably extracted, 
it follows that its size is not fixed but varies in conformity 
with price fluctuation!. 

In many parts of the world eitimates have been pub* 
liihed coneeroing the likely reserves of certain ore 
deposits, luch as the copper resources of particular minci 
in Northern Rliodesla, North America, and Chile, the 
pyrite depesiu of Spain, the manganese ores of the 
Soviet Union, the nickel ores of Ontario, and the phos¬ 
phate deporits of the United Suies. On the other hand, 
little precise information is available relating to the tin 
and tui^stea resources of the Far Bast and Bolivia, the 
antiaxmy reserves of China, the mica deposits of India, 
and innumerable other deposits. In several countries, 
including the United States and parU of Europe, the 
potential mineral areas have already been intensively 
prospected by ordinary geological methods, arul the rate 
of discovery of new deposits has declined rapidly during 
the present century. Ebewhere, there are still vast 
tracts that have never been adequately explored and 
where the prospects of finding important new mineral 
depesltj by geological and geophysical surveys are 
reasonably go^. With such conalderaiions in mind we 
may attempt a qualitative estimate of the world resou rces 
of certain minerals, comcious that our assessments are 
likely to prove too ooiueivsitive. 

Iron and F«m-AU^ Milals. The known reserves of sren 
ofvin the United States, the Soviet Union, Brazil, Swedeo. 
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LQrraln«.Luxemboiirgf. «rd elsewhere &j^»o that 

there ia no danger of a world shortage of iron for more 
than ICO years, even though the annual production oTore 
U maintained at the present level ofaoo million tons. 

Among the ferro^loy xnetaU the proved reierva eS 
mngaiuft ores are quite adequate to meet al) likely de* 
mandi for more than a century to come, the chief known 
sources of luj^ly being the famous depceiti of Nikopol 
and Chiaturi ia the U.S.S.R., the ores of Poumaiburg 
in South Africa, of the Centrad Provinces of India, 
Draai), and the Gold Coast. The available evidence 
Suggests that the Sudbury depodts of Ontario an capable 
of providing the bulk of the wor!d*s future niehl require¬ 
ments for more than twenty^five years. Supplementary 
supplies exist in French New Caledonia, the U.S.S.R., 
and Finland, i)i addition to a large deposit recently 
opened up in tbc hinterland ofBca 2 il, Although infor- 
xnaiion coocecning the extent of the eAftmUt d^osits of 
Turkey, the Transvaal, SotUhem Rhodesia^ and the 
Soviet Union is rather vague, enough is known to osure 
plcndful supplies of the mmera] for several more 
generaisom. ,The position with regard to 
reserves is more problematical though there is no reason 
to fear a serious dearth of the metal fbr many yean, in 
view of the large resources of China and the aupplo- 
mentary deposits of Burma, Portugal, ^U.8.A., and 
Bolivia. The greatest moijMtnim deposit in the world, at 
Climax, Colorado, contains sufficient ore to meet all 
normal requiremenii for more than twenty years, and 
large quantities of the metal can be recovered as a by¬ 
product of copper ores in North America and Eurasia. 
There appears to be no likelihood of a shortage of wws* 
diiim for a long time, for large ore reserves are known to 
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occur ftt Miwistiigrt in Peru, m ColoiRdo, Northern 
Rhodfisi*, and S,W. Afrka, in addition to exwmive 
depoeiu recently diacovered In Idaho; moreover, in* 
crOMiog qujintititt of the m<ul are now bcinff recovered 
from oil refineries and from the toot collccied from ihipi 
bumia* Mexican and South American fuel oil. The 
proved roerva of mwlly recoverable a* a by» 

product of copper ore* in Northern Rhodedn ami the 
Belran Congo, aw enough to Mti.fy all normal deioancU 
for »coro of yean. 

At the present rate ofprodorl ion mow than a hundred 
yean’ wpply of icon, manganese, atid chromium arc 
aaured, and do serious deficiency in the other chief ferro¬ 
alloy metaU ij envisaged during the lifetime of the 
present generation, even if no more orcbodia are dis¬ 
covered. 

$au Melab. Dopite the heavy production of afiptr 
duriog the recent war years, the known reserves of un* 
nuned metal are stiU probably sufficient to cover world 
requiremems for about forty years at an average annual 
output of two million tons of metallic copper. It should 
be emphasized that the depletion of copper resources u 
of&ei to a considerable extent by the recovery and re¬ 
turn to industry of important quantities of scrap (second¬ 
ary) copper. Indeed, prior to 1939 it was not unusual 
for the United States to supply about two-thirds of her 
copper requirements from accumulated scrap metal. 
The extensive deposiu of Chuquieamata in Chile, of 
Northern Rhodesia, the Belgian Congo, and the weitem 
U.S .A. are likely to continue as tlie main sources of new 
copper for many decades. There may be a shortage of 
primary bad in the United States, now the foremost 
producer, within this or the next generation. Although 
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the proved reserves of lesd ere throughout the world miy 
guAraniee Uttle isore than twenty years supply of the 
metal, the situation la fortunately relieved, as in the csm 
of copper, by the high proportion of scrap metal returned 
to marhet. The known reservea of ew have recently 
been atimated at more than fifty million tona of metal, 
equivalent to about thirty years supply at normal rates 
of eoiuumption. Australia and Canada are Kkely to vie 
with the tlruted States as principal producers of both 
lead and sine. 

Wlubt plentiful supplla of still remain in the 

alluvial deposits of N^aya, Netherlands East Indies, 
and the Belgian Congo, little is known concerning the 
tonnage of ore avnliable. As these gravel deposits become 
exhausted Increasing attention will have to be paid to 
the mining of tin from veins artd lodes. According to 
recent estimates the world reserves of bmutik, the chief 
setirec of aluminium, amount to 1,300 million torts, 
6e principal depowts being in Hungary, the Gold Coast, 
British and Dutch Guiana, France, and Yugoslavia. 
These reserves are capable of providing two millioa 
tons of aluminium metal annually for about J50 years. 
Other possible sources oraluinuuuinarenepheline,leudte, 
felspar, andandalusite (all silicates), alunite (a sulphate), 
and veriottf days, including china*eley. Since Bmawwm 
can be extracted commercially from aes'water and 
natural brines, and iaunense reserves of other raw 
materials, such as magnesite and dolomite, are also 
available, the resources of the unportant light metal, 
magnaiusn, are vlrcutlly without limit. The m»mify 
roerves of the Almaden mine la Spain, and of I taly, are 
alone sufficient to satisfy world re^ulrementa fbr mere 
than a hundred years at average rates of eoiuumption, 
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ind ChisA u to be espeble oT prvdiKint: enough 

dMHuny to CDcet ell oeed* for At Icam Another fifty yeen. 

MuetlUiueiu MimtsL. Proved reserves oT nlp/uof a 
vitAJ comsBodity io the e hemk ii industry, ere fully 
AdequAte to Bieet toCAt requirvuMois Tor more then helf 
A century At the atixoDum pre-wv rtie of usAge; vut 
depcAiu oC pyrite (P«S,) ocosr in eouthem Spem, end 
freAC qoAotities of udve sulphur CAp the SAlt*domcs of 
Tetu And LoubiAOA, besides existing in Skily And the 
CAspiao $(A regiofl. No detrth of ^iMum metaU li 
CQvissged, for the nkhd depoaiii of OniAtio Aiul the 
Alluviel gravels of tbo Ifndt cao supply enough of thei« 
metaU foe the present geoentiem, and ihe low-grade ores 
of the Transvaal are capable of providing for laore 
disunt requirements. For soore of years to come the 
demand for lUaitiam will probably be met cnainly from 
the ilmenite-beariog beach sands of southern India, the 
dtaniTeroua ores of Qpebec, Norway and the 

Urals, and the rutile deponts of Australia and the U.&A. 

The most iaportast agrieulcural feriilizen, pftospfuUs^ 
ptjUnht And tutriUSy occur in great abundance, sulTicient 
to furnish world requiremcois for hundreds of years. 
Vast deposits <£ lock pboephate exits in tbe United 
States, North Africa, and the Padfie blandi, and of the 
ealeium pheaphste odoeral, apatite, in Northern Russia ; 
of potash iaIb tfi the Csneus Staafurt depostu of Ger¬ 
many, (he western Urals, Alsace, Poland, Spain, end 
the United States, together widi ioahataublo supplies 
contained in the occani, oatural brines, and the Desd 
Sea; of natural mineral altrmtm in C 3 uk, and of tyo* 
ihetic nitrates from coal aod frosn the atmosphere. 

From the gnveb of & W. Aftiea, the Bel^an Congo, 
Angola, Sierra Lcco^ aod (be Gold Coast, this geaexa* 
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tjoD m^y confidently expect to pther its tequiremeno 
of nAisUial dia'm 4 i, and although the proved rewrvts of 
the precious nietali, gold and siletr, may only be adeq uate 
for another thirty yean or to, there ii Uttle doubt that 
valuable new dbeoveriea vdU augmeat the avaUable 
reaervea. Of bayUt, berakt, diaiomiU, Jlstertfiar, 

ijpsumt wk aU, and leveral other mineral raw materials 
there are more than enough reiervca in widely scattered 
areas throughout the world to outlast the present century. 

The proved reserves of certain minerals may approach 
exhaustion during the course of the proont generatiOQ> 
but with improved methods of proepecting, miningi 
mineral concentration and refining, and scrap metal 
recovery, and with the more efficient use of mineral pro¬ 
ducts and the employxneac of substitute materials, the 
bogey of mineral shortage will coodnuc to recede 
Despite the growing tendency m many countries towards 
natioruJizafion of mineral rights, there is an urgent need 
CO regard mineral resources as a world problem rather 
than a purely national one. To malte (be most eficetive 
use of OUT luiaerai heritage a full assessment of world 
resources should be undertaken so that an eqi^table 
policy of explMtation and distribution can be formulated 
and practised for the benefit of all maDkind. 

Since the atom bomb was dropped on Hiroshima on 
6 tb August ip45. and on Nagaiakl three days later, man 
has crossed the threshold of the atomic age. On one 
horlton the iky is overcast by the shadow of aoister forces 
which may be unleashed to destroy an intricate dvilisa* 
tion buUt up wiUi the aid of minerals through centuries 
of endeavour ; on the other the heavecs gleam with the 
promise of a golden age when atomic power will create 
limitless energy for the good of (be world. None can now 
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deny thAt rsdjoactm cnioenUaiT dodned to play a vit$X 
role in tht Cate of dtt human caee; indeed the very 
longevity of our iodiatfial dvUisadoo seems to depend 
lacsely on the ise to tdiich tbme pomtiaUy lethal 
Boaerab are apphed. 

Uranium u not a ran element In the earth's oust, for 
it k four tima as ecmnoo as lead and nearly a thousand 
u abundant as gold or ptolinum. Nowadayi almost 
every nation b ec^iged in a fovcmli search for radio* 
aedve ores, and althot^ bigh-grade vrw aiKl loOes pro* 
vide most at the current output of uranium, future 
sources ^supply for iodwriat purpcM are likely to be 
won ioveaungly from tow^rade sedimentary depotiis In 
many para of the worid. Morality and prudence call for 
inreroational agreement on the cti^miaiion of radio> 
active mmeral depodis, the Crallie in OsHonable material 
and is ultimate ts^ to prevent the posible catasirvphic 
end of ifdustrial dviliaadon 
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ifwntww^ w Uxt 

Ai.a)TB, NaAlSi^O,, a soda plagiocUte Telspar, commcn 
in acid igneous rocks and cerram metarnorphic rocks. 

ALUMS, hydrous rulphates of aluminium with an alksJi 
metaU 

ALUAKDiHt, Fe|A!,(SiO«)p a deep red garnet, used as 
a gom'Stoae. 

ALunm, KAI,(SO«)a(OH)«, a source of potash alum 
and a potential source of aluminiusD metal. 

AMA20NST0N8, KAlSigOt, a gTCon variety of mkrocHae 
felspar. 

AMwa, a yellow fossil resin, used as a gem-stoae. 

Auanryn, SiOu a purple transparent variety of quarts, 
used as a geDi«stoQe. 

ASTPKiaOLSS) an important group of roele-forzauig 
silicate minerals, includir^ hornblende, comtoon in 
igneous and mecamorphic rocks. 

AsroALUfiTS, Al«S; 0 «, a mineral found in metaraorphoeed 
clayey rockt; valuable as aa aluminoia refractory 
material and as a minor source of alurainium metal. 

AMoaaiTa, a volcanic rock occurring mainly as lavs Aotvs, 
and composed e»eiuially of a medium plagtoclaie 
felspar together with one or more of the ferromag* 
nesian minerals, such as ^tite, borablcode, as)d a 
pyroxene. 

AMMYoanv, CaS04, eceun ns a saline residue with 
gypsum and rock salt in ledlmentaty beds; used in 
the roanufaclure of sulphate of amnoniai sulphuric 
acid, Ditro^halk, nnd plasten. 

AMoaTHin, GaAl«Si| 0 |, a lime plagloclase felspar, 
common io uitrabasic igneous rocks. 
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At Aim, CAt(PO«)«(F,Q), a mincnJ valuabte as a 
source of mperpbocphate SertUizen; roioed oa a large 

wak in the U.5.S.R. 

AmT%, a flno*gniAed igneous rock conposcd eluefty of 
quarts ai^ felspar, occurrinf as dykes and siUs in and 
near graoitca. 

ARAoettm* CaCO^ ao ertbofbosQblc mineral often 
fbui^ as acieular or eohoanar erysiaJs. 

ARcanTm, Ag*«]vcr glance', ooe of the chief toufcei 
of silver, cAen found as microseof^ loclubow in 
argentiferous galena. 

AsaajTos, a term «d»kh loeludes fibrous fonns of atnphi> 
b^e and serpeodoe capable of resisting heat and being 
spun into yam. 

Auortt, Ga(Mg.Fe,A])(Si,Al),0«. theprinnpnl raembM 
of the pyroxene group of roek-tbrmitig silicale minerals. 

AVTUmra, a lemon-yellow bydraced phrsphaic of calcium 
and uiacium, wfakh usually ftuoresces in ultA-violet 
ligbe. 

AXiKm, Ca,(Fe,Mu)HAltB(SiOJi, occurs as clove- 
brown wedg»4ike crystals, and sometimes used as a 
genvetone. 

Azunrra, 9CuCO|.Cu(OH)a, an azure-blue enudized 
copper ore-miocral, found ia the upper parts of many 
copper lodes. 

aAPPavaYTTi, ZrO* a principal leuree of zireoahun, 
obtained feom graveb in BraziL 

aML Clay, a aedisientary, pteitie, r^aetory elay which 
fires white or nearly so, and b used dkfiy as an ingr^ 
dient of whiteware beeauae of I b high bonding quality. 

■Aarras { • Barite), BaSO^. ‘heavy spar*, the chief 
source of barisai oootpounds; used ia the manufiicture 
of white paints, as a ftUer lo papv, rubber, &c. and 
as a heavy drilikig mud is the oil aodusiry. 
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BASALT) th« commonest of sU Uviu, is * blsck fine- 
p'ftined reck consUtinf cstcntiaUy of lime pUgtecUse 
felapsr Rnd sugile, though olivine ii elso frequently 
preseat. Gu cavities formed near the tops of the 
bnsalt flows give rise to a vesicular or amygtisloldat 
•trueiure. 

BAOxrrt, a rock eompoMd of a mixture of hydrous 
alumiaium oxides, such u A 1 ( 0 K)ii which 

is the principal raw material ibr the production of 
aluminium metal. 

osNToron) a clay derived mainly from the alteration of 
volcajue dust, is commonly characterized by its pro* 
peny of absorbing large quantities of water and 
Welling’ enonnously in the process. 

stxYL, DejAIjSi^Oji, practically the only .source of 
beryllium; its varieties iaclude the traosparent prO' 
cious stones, emerald and aquamarine. 

tforrrz, H{Mg,Fe),CAl,Si),Oi»(OH,F)>, one of the most 
abundant members of tbe mica group; usually dark 
brown. 

BoO'iRON ORB IS ao Impure deposlc of limonite formed 
in bogs or twampe, largely by the action of algae and 
bacteria. 

BORAX, Na,B, 0 ,.ioH, 0 , one of the two principal 
minerah used in tbe borate industry. 

BORNrrB, CUtFeS^, purplish sulphide ore mineral of 
copper which becomes iridescent on exposure. 

BORT, G, a dark, badly coloured or flawed diacnoad used 
In industry for abrasive and cutting purposes. 

BRUom, Mg(OH)^ a minor source of atetallic mig- 
nesium. 

QALcrn, CaCOt, the commonest carbonate mineral, 
and tbe chief cofUtitucaC of liotestone, chalk, and 
marblea 
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OAMOHAMs G» a hard, blark induslritl diaiaond 
for dka ia wire dnwiaf, for drill bt(s and diaa>ond> 
tipped toolj; obtamed eha'Hy from Brazil. 

QAAtouATUy mIu of rarbofuc arid, uKludlng njch 
cooicnoa suneraJz az aldie and dofocoite. 

CAJUfALUTt, KMgCl^.dHtOi a aoluble chforide found 
aModaied with balicc, lyivice, dtc., m the i«]t drp<rtin 
of Staidurt in Gennady; uzrd a* a zource of magTMsiun 
and of petasium eompoundz. 

QAftKtUAN, SiOto a tranzIureAt yeltowiih^red vaiiety of 
chalcedony* used m a aeahpredous maat. 

QAM*crrm, IC|(U0a)|{V04)t.6H|0, a soft yellow 
powdery uinera] found in ecrtabi Miubionei in 
Oolnrado, U a zource of vanadium, radium* and 
uianium. 

CAsmam, SrO|, ‘tianonc’* the priiwipal Ofe'mineral 
of tin, cbaracierized by high spedfio j^'ravity and 
brilliant luztre. 

czLamre* ScSO«. the chief zeurco of strontium salts, is 
obtained mainly from the Vate datnct near Bristol. 

CBBtoairrm, PbCO)> found in the oxidation zone of lead 
veioz rtrUcs next eo galena as an ore'cninertl of 
lead. 

CKAUX0ONV, SiOp, a minutely cryzcalline fibrous form 
of silica, often (renslucent and waxy in appearance; 
its varieties include agate, camchan, flint, chert* and 
jasper. 

OHALCOcm, C«|S, ‘copper glance’, one of the meet 
important copper orO'dimeraU, usually found in the 
zone of secondary sulphide enskhoent of copper 
deposits. 

CKALOoavam, CuFeSy. hraas-yeUow 'copper pyrites’, the 
meic abundant cop p er mincnl, aM one of the 
principal commercial sources of that oMial. 
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OHALCOTRICKITB, CugO, « red, fibrous Cam 0/ cuprite, 
known 4s 'pJu^ copper’. 

CHALK, a soft white limeitone eonpoeed of £ndy divided 
caieium carbonate (ealciee) and contaming myriads 
of rainute focail fbraminiTera. 

CKAMOiiTK, a complex greenish hydrous Iron silicate, 
coRimonJy occurring as rounded grains In oolitic Iron 
ores, luch as those stretching southwards from York¬ 
shire into NorUaatnptonihire. 

CHiL* SALTftTAB, KiNO„ soda nitTC or Aitratine, the 
chief fiitural source of nitrates, mainly used as 
fertilisers; the only commercial deposits are (a the 
deserts of northern Chile. 

ciiiKA'GLAV, a soft white rock largely composed of the 
mineraJ kMlituis, and derived from the decomposition 
of felspar by the action of water and carbon 
dioxide. 

CHLORJTB, approximately (Mg,Fe}|(AJ,Fe)aSk,Ou(OH}t, 
an abundant green scaly mineral, usually formed aa 
an alteration product of Uodte, hornblende, or other 
ferromagnesian silicates. 

CKROMiTi, FcGtiO^, the only ore*nuneral of chronuum, 
occurs io association with basic igneous rocks. 

CWNAIAR, Hg.% a red heavy mineral, the only imporuac 
source of mercury. 

CLAY, a fio^textured earthy rock which is usually plastic 
when wet, and hardens under lire; it consists chiefly 
of hydrous aluminium silicates, together with oiiQuce 
Bakes of mica and chlorite, particles of qtians, asd 
sone coHoldal material. 

COAL, a black carbonaceous deposit formed by the burial 
astd compaction of ancient vegetable remains. 

GOaALTtTK, CoAiS, a silver-white cre-mioeral of cobalt. 
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coluwbitb, (Pe,Mn)Nb| 0 |, grade into tantdite at 
niobium (eoluDibium) U replaced by tantalum; 
columUie, the chief source of niol»um, a obtained 
priACipaUy from Nigeria. 

coNOLOwviiATE, a ccmented deposit of pebble or 
graveli. 

(Mg,Fe)«Al4Si|Oii, oceun chiefly as a 
mineral in metamorphlc rocks; someiime used as a 
blue gem-slonc, 'water sapphire.* 

ooRtJMDUKi Al|0|, second only to diamond in hardncM, 
is a valuable ebrastve mineral; gem varietlu include 
deep red n 4 y and blue seppMrt ; the blackish variety, 
mixed with iron oxide minerals, is known as tnu>y. 

covnijra, CuS, an jndigo*blue minor ore of copper, 
found in the zone of secondary suipliidc enrichment 
of copper deposits. 

CUPJUTI, Cu*0, ‘ruby copper', a rrd oxide of copper 
occurring in the upper oxidized parK of wpper deposits, 
constitutes an orc'minera} of copper. 

DiacLosm, Pb2o(OH)^VO,), a source of vanadium, 
occurs io the oxide zone of certain lead-aine deposits, 
notably at Broken Hill in Northern Rhodesia, and 
Tsumeb in S. W. Africa. 

ojAstOMO, Ct the hardest of minerals and most important 
of the gemstones; widely used in industry as a cutting 
and abrasive agent. 

DtAsaoM, AIO(OH), an abundant constituent of many 
bauxites, and a decomposition product of corundum. 

OLATOurrs ( «• dlatomaceous earth, kieselguhr, or 
tripe!i'powder), is a friable, porous, and light rock 
formed by the accumulation of myriads of algae called 
diatoms, and coiuiils largely of opaline silica. 

DiOHiM, CtMg$i| 0 |, a pale green member of the 
pyroxene group. 
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otORm, A coArM^^nined intmive igfteous rock coax- 
pO90d of t cncdiuix) pl«gi«:UK felspar and hgmbleede, 
with or witbour biotite. 

DOLvnm, stn igneous rock consisting mmtiAlly of « 
Hm«>rlch plagioclue febpar and augite» with olivine 
u a frequent oonnitueDl; occurs in d)ies and sails. 

DOLOHiTSi CaMg(00|)|, a rhombohedral carbonate 
mlnerai, ofien with curved crystal faces; occun in 
exteiuive beds of dolomite rock» and b a valuable 
building stone» refractory materis), source of jnag> 
neiium metal, and ingredient of special cements. 

aMSRAi.D, Be|AI|.Si(0|t, the green transparent gem 
variety of beryl. 

RNSTATtra, MgSiOi, an orthorhombic member of the 
pyroxene group, common in many basic igneous rodo. 

rBLSFARS, silicates of alumialum with potsosium, sodium, 
calcium, and, rvely, barium; they are the most 
irni>ortant group of rock*forming minerals, especially 
in igncotis rocks; the many varieties include orthoclase 
and plsgioclase felspars. 

FLINT, a minutely eiystalline form of chalcedonie silica 
(SiOs), chiefly found as ureguUr nodules in the 
Chalk. 

FLuoaVAR ( •• Fluorite), CaF^ a mineral valuable as 
a flux in iteebmaking, ia the manuCseture ctopales' 
cent glass and enamels, and the preparation of hydr^ 
fluoric acid; • purple variety, *Blue John', is used as 
an ornamenisl stone for vases, &e. 

FORtnaira, MgiSiO^, the magnesian member of the 
olivine group, usually found in metainorphosed lime- 
stones. 

FirLtBR’i SARTH, a highly absorptive clay of low plaa* 
tidty, widely used to Alter and clarify oiU and gressea, 
and to dean cloth. 
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QABB80, a grariular basrc imnuive Igoeous rock conaisimg 
chiefly of lime pltgioclue felspar and augiie. 

OAiiMA, PbS, the most important ore-mwicral of lead, 
usually contains silver, and is a main source of that 
metal; it occurs chiefly ie> veins and replacement 
depouia in limestone. 

OARMWi, Mlieaiea of various divalent and trlvnlcnt metals, 
e g. the variety Is Mg,Al,(SiO,),; often used as 
an abrasive, anti some varieties serve as gcm-slones. 
CAa^wurt, (NI,MgjSiO,.aH, 0 , a grero earthy ore of 
nickel found In ccTiain serpeminw, notably those of 
New Caledonia. 

oiaBSTTB, Al(OH)„ one of the chief constIturnu of the 
rock bauxite, the principal ore of aluminium, 
omisa, a coanely foliated or banded mciamorphic rock 
composed essentially of felspar, quarie, and a dark 
mineral, such as blotiie mica or hornblende. 
oosiAH, a Cornish term, equivalent to the German Sron 
hat', apjdied to the oxidised or weathered outcrop of 
a luip^e-bcaring lode, and consisting prindpally of 
hydrated iron oxides (limonite). 

ORAOTTB, a light-coloured granular intrusive igneous rock 
conslsong chiefly of potash and soda felspars, quaru, 
and asmall amount of uiea, hornblende,or a pyroxene, 
oaANOoioMTB, an intrusive igneous rock, somewhat 
similar In appearance to granite, but containing more 
pligloelase fclxpar and less quartz. 
onAPnm, C, 'Plumbago*, 'Black Lead’, a soft, black, 
icaiy form of carbon, used in the manufacture of 
refractory crucibles, pendU, pnlnts, lubricants, and 
for Acings on foundry moulds, 

ORUNOcana, GdS, occun as a yellow earthy coating oa 
ainc mineraU, particularly splialerite, and is as iio- 
portent source of cadmium. 
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OUAMO, a phoiphatic deposit formed from tbe droppings 
of fish^ating sea birds on arid coasts and oeoanic 
islands. 

OY?iuWi CaSO^.aHiOi cceun m ledtmeniAry rocb 
usually as a aaUoe re^ue formed by (he cYaporation 
of seoAvatcr: used for malting plaster of Parii^ as a 
retarder In Portlind cement, end as a fUler in paints, 
papeti &c. 

ttALtois ore compounds of the metals with the halogea 
elctnenta, irteludJng chlorine and fluorine; for example, 
halilt, NaCl. 

HALira { a Rock salt, common salt), NaGI, occun as 
exirnsivc butU formed by the evaporatfoii ofsea'Water; 
ustnl for culinary and preservative purposes, but 
mainly la the manufocture of soda suh (s^uta 
carbonate) aod salt cake (sodium sulpliate) for use In 
glas^making, soap*maklng, dtc., and in the prepara* 
tion of metallic sodium. 

KBUATiTfi, Fe| 0 », the most Important ore of iron; Its 
varieties inclu^ the black lustrous 'specular iron\ 
and the reddish rounded forms of *kidney ore’. 

HENiMORPsun, Zn,Si|0,(0H)a.H|0i fonaerlY 'Cals' 
mine’ in America, a minor ore of sine, found in the 
oxidized paru oTsinc deposits. 

KOSNauiKDB. approximately CatNt(Mg.Fe)«(AJ,Pe)a 
Si« 0 ||( 0 ,OH)|, a widely diitribuied dark>greta 
member of tbe amphibole group. 

uORMPtis, a fine granular rock with 'horny* fractuTS, 
formed chiefly by (he metamorphlsra of sediments 
near an igneous intrusion* and composed essentially 
of quartz, felspirsi and nicas* vdth or without such 
mioerali as andaluslie, cordierlte* garnet, and diopalde. 

IS, H| 0 , the solid form of water* existing at or below 
o^C. 
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icBLAHo «f AR| CftCO}* A puit (f4fupArcn( Torm ofcaiciie, 
used ia opLicAl in»(nim«nu to produce polansod lif lit. 

iLuBNrre, F<TiOt» *t{unic iron ore’, the prifieipal source 
of titanium, used chiefly in (he menuSserure of white 
painb, and ebcalned mainly from beach aandi in 
S. W. India. 

IRON PVRJTsa ( - Pyri(e), PeS„ the commonest sulphide 
oiinerRl. chiefly used tor mahini^ lulphuiic add. but 
also as a source of sulphur dioxide needed In (he pre¬ 
paration of wood pulp for the paper industry, and as 
a source of sulphur (brimstone). 

jAoa. a white to dark'green semi-precious Slone. Includes 
two nsinerals^the ampbibole nephrite (true jade). and 
the pyroxene Jadcite, obtained chiefly from upper 
fiurzna. 

jADernt, NaAlSi, 0 |, the pnnci]>al Jade mineral. 

SAOi.tNtTR. AI,SjtOi(OH)*. a common alreraiton 
produce of febpar. and the mala conscituenl of china- 
clay. 

Kaanm ( - Rasorite). NaiB^Oy-.HiO, (he principal 
source of borax, obcaioed from ihe Moliave Dcscrc in 
California. 

BDSBBiuJTS. a fragmented serpentiniaed olivine rork, 
eflen rich in enstadte and phlogoplle mica, occurring 
in the diamond-pipes of South Africa. 

KYANtn. Al^SiOt, a bladed blue mineral, valuable as 
an aluminous reflectory material, especially fur use fn 
sparking plugs and highly refractory porcelains. 

lAaitAOCiun, a lime plagiociase felspar, widespread in 
basic Igneous rocb, and oAeo displays an iridescent 
play of colours. 

LAKS LAStfLi, a metamorphoscd limestone of deep aaure* 
blue colour (due to the presence of the mineral 
laiarilt, approximately Na^AIySijOjaS), used as au 
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vjb.bl9 •» ffWmtk^ng, wrtmics, »nd „ » „uree 
«cun in grAnite-pegnacite 

'« potAjhrich Iavai, ond 

iftiwtimci uKd m th« producHon of pMAih.fcftjIuer 

iiwl poWih-al um} It u A poLcnllil Murco of Alucoin iura 

miHoJi 

woNiT* ( « nr(rt.n cool), a coaI of ihe lowest rank, 
n-^rmblir* w<My pwe, but comalnlnff a higher wo- 
of carbon and more ilun ao p<r eenttf 

UMPtroNK, a »(L'mcnury rock comUting esentially of 
«jcium carbonaio («ldlo), ofUti with smaU amoiit, 
of magnesium carbonates and impurities, such u 
quarts grains. 

UMONrra ( Brown hematita, bog-iron ore), apDroxi. 
™.=lyFeO(OH).nH.O,a slKitiSTp" 

duct of other iron-bearing mlneraii,and an import¬ 
ant iron ore and yellow ochre pigment. 

itNNAATTB, Go, 5 «, a principal louree of cobalt, obtained 
cKicfiy as a by-product from (he copper deposits of 
Northern Rhodesia and the Belgian Congo. 
looiFTONa, FejO*, a variety of magnetite which acts as 
a natural magnet and exhibits magnetic polarity. 

MAOMiir™, MgCO„ a rhorabohedral ttrbonate mineral 
used for ^king refractory bricks, magnesium sab. 
oxychloride cement*, and in the manufacture ©f 
metallic raagneiium. 


aaoNATTr*, Pe,©,, a strongly magnetic iron ere mineral 
and an Iraportant source of iron, apecially la nonbero 
Sweden. 
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jiMjvcmn, CU|CO»(OH)^ ft bright green copper 
Cftrbonftte, (bund in cbe oxidised poriionj of copper 
depoftiu; n vtlutble ore orcopper» nnd ao omameauJ 
oaurial uied for making vareft, dee. 

KAR9LB, a meumorphoeed limeitone comfXMd of incer- 
loekiog grains of calclto, white when p\ire but often 
coloured by impuritici, such as green serpentine. 

UBitouRy ( "■ Cl^ilcksilver), Hg, a liquid initicral which 
lelldiiies at ; native mercury is rare. 

acoAi, 4 group of iflicate minerals characterised by 
perfect cleavage, nnibllUy, dastkiiy, intuulHlity, 
and high ditlecirle sirengiL; some members are 
especially valuable as insuliitingmatcriab in electrical 
apparatus. 

inLuarra, NiS, 'haii pyrites’, an uncommon sulphide 
mmeral usually found as bras9*yellow hair*like toTta. 

'minbttb ob b*, the ooUtic llmoiuie ore of the Lorrainc- 
Luxeoibourg region, of great impotunce as a source 
of iron. 

MOLYRoaNTTO, bfoSj, a so(t, lead^grey mmeral, (he chief 
source of mdybdenum, usually found in association 
vdeh granitic rocks. 

uoNAxira, (Ce,L4,Di)P04,a yellowlsh'brown phosphate 
of the rarxarch metab, is the main source of thorium, 
mesoihorium, and cerium; it is chseAy obtained from 
coastal sands ofS. W. India. 

uoNzoNTTB, a coursc'grained intrusivo igneous rock 
intermediate between syenite and diorlte. containing 
more plagioelase than orthoclase (blipar, and including 
small amounts of horabJende snd blotiie, but seldom 
any quartz. 

K 09 NST 0 NB. ft variety of potash felspar containing 
minute inclusions of soda felspar which give rise to sm 
opaJescent play of coloun. 
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noTHeR^-PKARL, 4D ijid«scent Iwtrouj loateriBl lining 
the interior of ceruin molluscs, the pcsrly lustre 
resulting l^tn the interference of l^ht relucted from 
minute overlepping pbtes or oeedlo of eragonite 
(calciura enrbemete). 

MUicovm, I^Ji(AI,Sij)Oi4(OH),, en abundsnt white 
mic6» valuable rutnly sts an electheaJ irmilator, and 
as a traiuporent son*innamjiiAb]e oatemlfor wiridovvs 
in ruroaees, stoves, dte. 

NATtvt iLEtfartTS are those found in aa uncombined 
form as nacural mineraU, for example, gold, copper, 
anenic, carbon, and sulphur. 

rfBritaLtr<B, appruxiroaiely NaAlSlOu a source of 
aluniiiiium valuable in making glass, and used in the 
V.S.S.K. as a raw material for the manu&cture of 
metallic sJuminiuna. 

NtT»-vTW, soils of nitric add, HNO|; for exoraple, soda 
nitre, NaNO,. 

HORixa, a granular intrusive igneous rock akin to gabbro, 
composed essentially of lime plagiodasc lelspar and 
the pyroxene, hypersihenc (Mg,F«)SiO,- 

oesiDiAK, a black volcanic glass of rhyolitic composition, 
which breaks with a conclioidal (ractiire. 

OCKM, a mixture of Jimoniie, hematite, and clay used 
for yellow, biown, and red natural plgmenu, such as 
yellow and red ochres and siennas. 

OLioocLAsa, a lodadime plagioclaie felspar, eommoa is 
acid to iatermedlaie igneous roeb. 

OLiviNi, (Mg,Fe)aSi04, (he principal member of the 
olivine group, typically found In uUrabaaic igneous 
rKb; used as a refractory material, and as the traos* 
parent green gem«i(ooe, peridot. 

OMYX, SiO,, a banded variety of cbtlcedonic silica, used 
as u sami'precious scone. 
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ooLiTiQ LiicuTOKS, A vancty of limestone made up of 
mAll tpherical or elllpt^cUl grains raembling ftsb 
roe, fonned by the chemical precipltaiion of calcium 
carbonate in lucceaaive layen around a nucleui. 

OFAL, SiO|. »H, 0 , a minoal gel, often priaed as a gem- 
Irene; diatomaceoui earth conaUti of myriadi of 
opaline tests of diatoms, and {i used as a riUcrIng 
medium, abrasive, filler, and imulator. 

OKTHOCUUS, KAlSijO,. a common variety of fclsptr, 
chiefly uirf in the manufacture of porcelain and Kln»rd 
ware, and as a source of alumina in glas«*makiij^. 

oiuiaxDiuu ( •• Iridosmine), (Ir,Os), a natural allt»y of 
Oftmium and iridium, used fur fountaln^cn nibs and 
in electroplating. 

oxiDBs, con^»ounds of oxygen with a metal, c.g. hcmatlie, 
Fe, 0 ,; some oaide oinerab contain water or the 
hydroxyl (OH), e-g- goethite, PeO(OH). 

7ATROHITE, A substancc of indefinite composition 
formerly thought to be the sulphide, VS4, b an 
important source of vanadium at Minas Ragra in Peru. 

PEONATTTS, a very coarse-grained intrusive igneous rode 
commonly occurring as dykes and veins in and near 
granites; it consists of quarts, felspar, and mica, often 
together with minor amounts of iMry), topaa, tourma¬ 
line, uraoium minerab, &c. 

FiNTLANwra, (Fe,Nj),S„ the principal ore mineral of 
niekd, occurs intimately anoclated with pyrriiotiie In 
basic igneous rocks, as at Sudbury io Ontario. 

FERmorm, a granular Intrusive Igneous rock composed 
mainly of olivine, with or without augite, hornblende, 
Uotite, and iron oxides, but with only a trivial amount 
of lebpar. 

FtttocoFiTE, KMg,(Al,St,)OM(OH)„ a brown mica, 
used chiefty as a high-grade electrical insulator. 
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PHMPK^TB DBPosm, include axuine sediment^ beds of 
pKoiphftte ro<k» phosphatic maria and tiraeatona, 
guano, residual concentraiioiu derived Iram pht<- 
phatic beds, and apatite depeaiu. 

PMYLJJTB, a lustrous micaceous rock of metatnorphlc 
origin, intermediate between slate arid mica>schist, 
due to the itreii met Amorphura of material which was 
originally a fioe*grnined muddy sediment. 

prTCitaLBNox, the black plteh>like variety of uraniniie, 
UO|. the main source of uranium and of radium. 

PiAOtOGLaaa PsufARS, the connonet of all rock- 
rorming minerals, range in composition from NaAl- 
$itO| (albite) to CaAl|Si|0| (anorthite), and are 
Widely distributed in igneous and metamorphic rocks. 

roixuciTt, GsAJSi)0(,nHsO, a rare mineral found la 
pegmatites, is the chief source of caesium. 

POBiuiyRirE, an igneous rock ofiatermediate compceldon 
consisting of Luge cxYstals of medium plagioclase 
felspar and hornblende, in a finegrained groundmass 
of febpar with seme hornblende aad bioilte; usually 
occurs as dykes and nib. 

paiLOuetANB, probably BaMn*MnaOt«(OH)«, a black 
oxide of manganoe, and a principal source of that 
metal. 

rvaira ( * Imn pyrites), F<$|, the most common 
sulphide mineral, chiefly used (br making sulphuric 
•cid. 

pyaoLURTE, MnO|, a common black oxide of mangt- 
neie, Important as as ore mineral ofnunganese. 

PYaoxANCi, an important group of sIHcate minerab, 
ineluding auglte and diopelde, eommon io laany 
igneous and metamorphic rocks. 

PYRRHonrt, approximately FeS, ‘magnetic pyrites', 
occun chiefly io basic igneous rocks such as gabbfo 
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•nd norite, and often intimately mixed with the 
principal aickel mineral, pendandite. 

QUARTZ, SiO|, a common mlaeral in acid igneous rocki 
and many metanorphtc roeka, bcsidea being the 
main eonsti tuent of landslones; as sand it U used I n the 
building trade, glaw*making, foundry work, &e., arvd 
as an add l)ux In imeiiing; as rock crystal used in 
electrical equipment and as a Mmi«preeioui none; as 
sandstone and quaruite it forms a valuable building 
stone. 

^UARTZtTB, a raeumorphic roek derived by (he 
crystallization of sandstone, and composed essentially 
of an interlocking mosaic of quarte grairu; the term 
also coroiotea a sandstone cemented by dliea. 

QiUARn poRFKVRy, an igneous roek containing largo 
crysisJs of quartz and orthoclase felspar sec in a iine> 
grained groundmau of quana and felspar, with 
octisconal flakes of mica; it occurs as dykes and silb io 
granick areas. 

RHYOUTB, a finegrained add lava, the volcanic equiva¬ 
lent of granite, composed essentially of quartz and 
alkali felspar, and often characterized by flow-structure 
Or banding. 

aocK CRyPTAL, a colourless transparent variety of quarts, 
SiOu oflen found as wdl-foriaed crystab. 

ROCK SALT Halite, common salt), NaCl. 

ROSGCCUTB, KV,MSi|Oj»(OK)a, a greenbh vanadium 
aica which constitutes an ore mineral of vanadium 
io Colorado and Utah. 

auey, a deep*xed transparent gem-variety of corundum, 
A]| 0 |, obtained mainly from Surma, Si^, and Ceyloa. 

RtrrzLR, TiOi, an important source of titanium, used for 
making white paints, for coating electric welding rods, 
io eleccrcdea, and to a limited extent in steel-making. 
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CAfiDTroNS, A aedimcntsry rock composed predominenily 
ot quftrtz gnins, and representing a compaccod bod of 
sand* 

sArrMiM, A innsparent blue femA^triety of corundum, 

AJ,0,. 

iCKSSLiTB, CaWOii a nibordinate ore mineral of cun^ 
iten> found in pegmatite* and vein* aswciaied with 
granitic rocki. 

Mirvr, a meramorphic rock composed largely of flaky 
minerals aucK as mlr^i thlnriie and talc, or of prismatic 
minerals like hornblende, which is characterised by a 
|)nRJlcl lamination called 'schbtoslty*. 

ssarRNTiNK, a roek eonnatlng almost wholly of the 
mineral serpentine, Mg,StaO|(OK)4, and drived by 
the met.imorphiaro of an ollvinorich rock. 

siiALi, a laminated sedimentary rock fbrmcd by the 
consolidation of mud, clay, or slit, and composed 
chiefly of the so-called 'day minerals', suchas kaoliniie. 

sosarre ( «• Chalybite), PeGOj, a rhombobedral 
carbonate mineral, valuable a* an ore of iron, notably 
in Driiatn. 

SILICATES, the predominant chemical elau among 
minerals, ccntalning various metallic elements In 
combination with silicon and oxygen. 

siiLtUANm { -• Fibrolite), AlaSiOg, a mineral found In 
rneiamorphoscd clayey rocb, used io making refnte* 
tary and electrical porcelains. 

ULVEa. Ag, a native element, /bund principally In the 
oxidized zone of ore deposiu, ii a minor source of 
silver. 

SLATE, a f\ne*grained meiaTnorphie product of shales, 
mudstone*, or volcanic dusts which bave auflered 
intense compreasion; it be split into thin slabs 
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aleni ihe *«lAty eleavs^*, the direelion of which h 
iodependent of the oh^ioal bedding; plartct. 
luALTTTB, CoAij, A uIvcT'gTvy ore^MrA] of cobtli, 
notably at Cobalt in Ontario. 

SMmooNn, ZoGO|, fbrnerly 'CaUraifte* in &duiln> a 
sine oTt'Ctinerai, uiuaUy occurring; In limeitone as an 
alteration product of aphaleriie, ZnS. 
fOAferoMS, usually an impure massive form of talc, 
MB,Si ,0 u{OH)ai capable of being quarried in large 
pkces. 

sstcuLAE HSMATtTB, Fc« 0 |, A black Variety of hematite 
pcasessing a splcodid metallic lustre. 
saHALsam ( « Zinc blende) i ZaS, the principal ore* 
mineral of zinc, a metal chiedy uxd for galvanizing 
iron, ibr die-castings, eleetrk batteries, paints, and 
alloys such as brass. 

sriNai., MgAlgO^t iccluda (he clear red variety known 
as ruby spinel, and the rose^red form, balas ruby. 
iPCumsHB, liAJSitO^ a member of the pyroxene group, 
valuable as a source of lithium; the lilac ‘kumite’, and 
the emerald-green 'hiddemte’ are gem varieties of 
spodumene. 

tTAvaouTf, Pe(OH)«Al4Si|OM. a brown mineral 
commonly of meiamoipMc origin, and oAen found as 
croia*ihaped twins. 

maNne ( ^ Anlimonite), Sb|S), the chief ore'cnineral 
of antimony, principally used in hardening lead. 
auiascAm, Include minerals whose fortmilai contains the 
sulphate radical, SO4; for example, anhydrite, CaSO^. 
■UI.FHIMS are those mloerati which consist mainly of 
coml^atioos of rulphur with various cnetals; they 
include the majoriry of metallic OTe*rninerals, such as 
galena, ?bS, and sphalerite, ZaS. 
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IM,I*KI/A, S, • R&(ive clement, ofieD found ne^r volcanic 
craien, and in aediraentary rocki aaaoelated >vilh 
g^um and limes ronc> is chiefly used in the menu* 
faciure of aulphurlcacld, iuecticidei, and wood pulp 
for paper*making. 

lYSKira, a granular Intrusive igneous rock eonpoeed 
essentially of olkaU felspar (usually ortbodasc), with 
hornblende as the ebaracterbtie ferromagneslan 
mineral. 

TAI.C, Mg|Si«0,«(0H)«, a lof^ flaky mineral typically 
found in metaraorpbic rocks, is used in making paints, 
ceramics, eleetneal iiuulacors, paper, toilet prepara* 
tions, and as a filler la the rubber, plasties, ami other 
indmtries; in the massive forms known as 'steatite* 
and 'soapstone* It is employed as slabs for electrical 
switchboards, table^tops, tailor’s chalk, dte, 

TANTALTi*, (Pe,Mi\)Ta|O0, with some Nb ( m Cb), 
occurs to asfociation with granitic rocks, and is the 
chief source of tantalum. 

TKOUiuu, Th, a radioactive element principally obtained 
from the phosphate mineral, monasire. 

TiNnONS ( — Cassiterite), SnOt, practically the only 
ore*mineraJ of tin, is found in association with granitic 
rocks. 

T0PA2, AlaSiOi (F,OH)t, usually found in granitic rocb, 
including tin*beaving pegmatites, is us^ as a gem* 
stone. 

fotiHMAURt, a complex ulicate of boron and alumlniun, 
with a variable content of Na, Fe, LI, and Mg, found 
in acid igneous rocks, and oflen used as a gemHioae. 

TRRMOLira, Ca|Mg|Sj«OH(OH)|, a member of the 
amphibole group, typically found in metamorphosed 
dolomitic lisnacones, aod soraetimee used as an 
asbestos material. 
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TiVF, a volcanic rock formed by the compaction of liae 
dut and iniall fn^menu emitted from voleanoer, 

TJK^iwa, AJ,(OH),PO(.H,0 + aCu, a bluiah 
cnineral found ia veinJeta euttinf decompoied velcsnic 
rocb, is used as a ;em4tone« 

URANUKTB, U0|, the principal source of radium and 
uranium, notably obtained from the Great Bear Lake 
region of Canada, and from the Belgian Congo; ibe 
vdveublack variety is called 'pitchblende*. 

VAKAbiNtTB, fotuid in the oudaiion tone 

of certain lead deposits, is a source of vanadium and 
a minor ore of lead. 

vntMWUUW, {Mg,Fe),{Si,Al,Pc).0„{0H),.4K,0, a 
brown mica-like miaej^ which swells and exfnliatei 
on beating, and is used for sound and heat imulation. 

wATUi, H|0, exists as a solid, ice, at or below O^C; as a 
liquid, water, between o* and joo^C; and as a gas, 
steam, above loo^C, and as aqueous vapour in the 
atmosphere at all temperatures. 

wAVKun*, A1,(0H),(P0J,.5H,0, a ram romeral 
usually found as sc^ spherical aggregates with a 
ladiating structure. 

WRJJUSTTB, Zn|SiO„ a greenish ore*mineral of zinc, 
es]>ecially at Franklin Furnace, New Jersey, U.S.A.; 
notable for iu bright fluorescence in ^tra-vlolet 
light. 

woLSRAwrr* ( • Wolfram), (Fc,Mn)WO„ the chief ore- 
aineral of tungsten, usuidly found In quarts veins 
and pegmatites associated with granites. 

KiouTas, a ihmily of hydrous lilicates ofaluminium with 
sodium and calcium as principal basa, characterised 
by ready fusibility, and typically found within 
cavities and cracks in basic lavas; natrpUu, Na»AI, 
Si,Ou .flHtO, is a common member of the fkmily. 
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tmc BLENDE (- SphElftrite), Zftg, th« moai iraportEot 
or«-mmcttl of ucc. chitflyibund In veiiu tad reotsce- 
1MM depositi in JIznaioM. 

sacoK, ZrSiO,, a prjnejpal source of lifconium, it used 
u « refractory maccrlal and, wheo trtrupsifcnL as a 
gcm-sivnc. ’ 
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The PRINC19A1. JUTALLoasNsnc troQHs (i.e. perioda 
of intense ninaralixaiion) took place during the following 
times: 

<i) Pre-Cambrian^ (J{) Middle PaUeoaoie, (Hi) Lftte 
Palaeozoic, (Iv) Permo-Triaaiic (mainly ledimentary 
depoelw, e.g. salt, gypsum, and petath), (v) Juraalc 
(mainly sedimentary depouts, e.g. eoHtie Iron Orea of 
Europe), (vi) Late Mesozoic, (vu) Early Tertiary, and 
(viii) Late Tertiary. 
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